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Designing an International Policy and Legal 
Framework for the Control of Emerging 
Infectious Diseases: First Steps 

Bruce J ay Plotkin* and Ann Marie Kimballt 

*SchcK)l of Law; tSchool of Public Health and Community Medicine, 
University of Washington, Seattle, Washington, USA 


As the pace of emergence and reemergence of infectious diseases quickens, the 
International Health Regulations, which have served as the legal and policy framework 
of epidemic control for 45 years, are being revised by the World Health Organization 
(WHO). In this article, we review the recent history, legal construction, and application 
of these regulations and related international treaty-based sanitary measures, 
especially the General Agreement on Tariffs and Trade and the Agreement on the 
Application of Sanitary and Phytosanitary Measures, and the history of applying the 
regulations in the maritime and aviation industries. This review indicates that revision 
efforts should address 1) the limited scope of disease syndromes (and reporters of 
these syndromes) now in the regulations and 2) the mismatch between multisectoral 
factors causing disease emergence and the single agency (WHO) administering the 
regulations. The revised regulations should expand the scope of reporting and 
simultaneously broaden international agency coordination. 


The Division of Emerging and Other Com- 
municable Disease Surveillance and Control, 
World Health Organization (WHO), is revising 
the often criticized International Health Regu- 
lations (referred to as regulations hereon), the 
central legal framework for addressing the inter- 
national spread and control of infectious disease 
(1,2). This process is under way as emerging and 
reemerging infectious diseases are the objects of 
broadening efforts and analysis by the national 

(3) and international public health communities 

(4) . At least 30 new diseases have emerged in 
the last 20 years, and still others, including 
tuberculosis, malaria, cholera, dysentery, and 
pneumonia, have developed varying degrees of 
resistance to antimicrobial drugs (4). 

The Intersectoral Nature of the Factors 
Involved in Disease Emergence 

Infectious diseases are emerging in the 
increasingly global context of commercial and 
demographic activities. Thejourney of microbial 
agents from onecountry toanother, often shorter 
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than the incubation period of the disease, is ren- 
dering border controls futile. The response to 
emerging diseases is increasingly global as well: 
national agencies, international organizations, 
and other groups coordinate efforts to monitor, 
prevent, and control the spread of these diseases 

(5). While no substitute for adequate national 
health services and infrastructure, international 
efforts agai nst emergi ng di seases have i ncr eased 
in importance as national programs have been 
compromised by complacency, economic recession, 
international debt, civil turmoil, or natural disas- 
ters (3,5,6). At thesameti me, detect! ng new agents 
often requires up-to-datediagnosticfacilities una- 
vailablein many parts of theworld. I nternational 
agenci es have i mproved access to such fad I iti es to 
hel p defi ne the causes of disease outbreaks. 

The Current Legal Framework: 

International Health Regulations 

The regulations, which play a central, albeit 
limited, role in addressing global disease out- 
breaks (Table 1), have served as the primary 
legal ly bi ndi ngframework for prevent! ng the i nter- 
national spreadof infectious disease (Table 2). In 
addition to its other legal and policy options for 
promoting international public health, WHO's 
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Table 1 . Selected international health regulatory provisions 

pertinent to emergent infectious disease 

Provision Sourcg/Lead Agency 

International Health World Health Organization 

Regulations 

Agreement on the World Trade Organization 

Application of Sanitary 
and Phytosanitary 
Measures 

CodexAlimentarius FAOA/VHOCodexAlimen- 

tari us Commissi on 

Annex 9: Facilitation International Civil Aviation 

to the Convent! on Organization 

on International Civil 
Aviation 


World H ealth Assembly is specif! cal ly authorized 
to adopt regulations concerning "sanitary and 
quarantine requirements and other procedures 
designed to prevent the international spread of 
disease" (7, art. 21[a]). Thetwin objectives of the 
regulations balance "maximum security against 
the international spread of diseases with a mini- 
mum i nterferencewith world traffic" (1, Foreword). 

The regulations evolved from efforts to deal 
with epidemics. The useofquarantinedates back 
at least to the Middle Ages (3). Steps to regulate 
countries' actions to protect themselves against 
the introduction of communicable diseases and 
to report disease outbreaks developed before the 
I nternational Sanitary Regulations were adopted 
in 1951(8). Inadequacies of thecurrent regulations 
have been associated with outdated quarantine 
and frontier-based practices. 

Thecurrent regul ations outi i ne procedures for 
limiting disease transmission in international 
traffic, includingthedisinsectization,disi nfection, 
and deratting of ships and aircraft and the provi- 
sion of sanitary conditions and health facilities at 
sea and airports. In addition, the regul ations focus 
on two core obi i gati ons of member states rel ati ng 
to disease incidence reporting and response; these 
obligations apply primarily to the three diseases 
subject to the regul ations: cholera, plague, and yel- 
low fever (1, art. 1). First, states must report to 
WHO, within specific periods, cases of these three 
diseases within their territories (1, arts. 3-7,9,11- 
12). Second, to facilitate reporting and deter 
unnecessary i nterferencewith international travel 
and trade, members must limit their responsive 
health measures (applied to international traffic 
for the protection of their territories against 
these diseases) to maxi mum measures permitted 
by these regulations (1, art. 23). States must also 


report to WHO any health measures they have 
applied to international traffic (1, art. 8). Most of 
such permitted health measures (and related 
provisions in the regulations limiting or pro- 
hibiting health measures) focus on cholera, 
plague, and yellow fever; some more general 
provision, however, limit measures directed at 
other diseases (1, arts. 28, 29, 31, 81; 9). 

Like most international agreements, the regu- 
lations are to be implemented through national 
laws and policies that incorporate or otherwise 
accommodatetheregulations' various provisions, 
minimum requirements, and limitations. The 
regulations have served as international reference 
standards for some states creating their own 
national quarantine provisions; this relationship 
magnifies the effect of outdated and problematic 
aspects of the regulations (and increases the 
urgency of their timely revision). 

Even though the regulations pose a legal 
obligation for WHO members who have not offi- 
cially "opted out" from participating, lack of 
compliance has been an ongoing problem (8,9). 
The regulations have weaknesses: 1) the limited 
scope of reported information vis-a-vis the bur- 
geoning scope of new infections, and 2) the mis- 
match between thenarrow institutional, political, 
and legal bases of the regulations issued under 
theci rcumscri bed authority of a si nglespeci al ized 
United Nations (U.N.) agency, WHO, and the 
varied factors affecting the international emer- 
gence and control of infectious disease. The 
factors include international trade and travel, 
economic development and land use, changes in 
human demographics and behavior, and the 
breakdown of public health infrastructure (3). 
WHO's broad mandate within the U.N. system 
(10, art. 57) and under the WH O Constitution (7, 
preamble, arts. 1-2), to address these factors is 
ultimately rooted in the one agency. While 
WHO's natural institutional allies tend to be 


Table 2. Development of the International Health 
Regulations 


Year(s) 

Action 

1951 

WHO IntT Sanitary Regulations and 
additional regulations in 1955, 1956, 
1960, 1963, 1965) 

1969 

Revised and renamed IntT Health 
Regulations (regulations) 

1973 

Regulations revised 

1981 

Regulations revised (current version) 

1995 

WHO resolves to revise regulations 
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national health ministries, the factors affecting 
disease emergence are multisectoral andean be 
more directly addressed by a constituency of 
international organizations and agencies. WHO 
members' violations of regulations during epi- 
demics (e.g., the implementation of unjustified 
and illegal health-based trade barriers) are cri- 
tical symptoms of the institutional mismatch. 
Such barriers are rarely the product of sole 
actions by the Ministry of Health, and WHO has 
little influence over other national agencies such 
as Ministries ofTrade, Commerce, or Planning. 

These core weaknesses are exacerbated by 
the administration of regulations. I n spiteof the 
regulations' strong legal basis, WHO has fre- 
quently preferred nonmandatory urging or media- 
tion to a legally binding approach to members' 
obi igations (8,11). I n the area of trade, for exam- 
ple, a Pan American Health Organization epi- 
demiologic bulletin on the 1991 cholera outbreak 
in Latin America referred to unjustified trade 
restrictions imposed on Peruvian marineexports 
as "not in accordance with the recommendations 
of WHO" (12). More substantive is the ambig- 
uous, indeterminate, or otherwise vague nature 
of many of the regulations' articles, which create 
further difficulties in application (1, arts. 46[1] 
and 36 [3]). WHO is unlikely to use formal man- 
datory enforcement such as sanctions against 
member states who do not comply with the regu- 
lations (13). Under the WHO Constitution, typical 
of such treaties (13), there are noformal punitive 
sanctions. Whileunder article? of the Constitu- 
tion, the World Health Assembly is authorized in 
"exceptional circumstances" to withdraw mem- 
bership privileges, under treaties, such provisions 
are rarely invoked and then usually on political 
grounds against otherwise marginalized states 
(13). These sanctions would also hinder the WHO 
objectives of tracking, controlling, and preventing 
incidence and transmission of disease. 

The regulations contain a dispute resolution 
provision that authorizes member states to refer 
"any question or dispute" concerning the regu- 
lations to the Director General or a WHO com- 
mittee to "settle," rather than to enforce (1, art. 
93[lj). If this referral process fails, a member 
state is authorized to bring the dispute to the 
International Court of j ustice in the Hague for 
decision (1, art. 93[3]).Thel nternational Court of 
j ustice has, however, never determined a case 
under the regulations and is a relatively rare 
choice for disposition of international disputes 


(13). WHO's right to request advisory opinions 
from the International Court of justice has 
yielded court rulings in only two cases. Thus, 
disputes appear to be usual ly handled i nformal ly 
through the WHO bureaucracy (8). 

I nthisarticle,weproposetwosteps for improv- 
ing the effectiveness of the regulations. Some of 
the foil owing issues are addressed in the Decem- 
ber 1995 Report of WHO I nformal Consultation of 
Experts on Revision of the Regulations (14,15). 

Step One: Expand the Information Base 

The Limited Scope of Reporting 

Under the Reguiations 

The current narrow scope of disease report! ng 
undercuts the relevance of the regulations and 
has been criticized (16). I n contrast to the long list 
of known emerging and other infectious diseases 
that threaten world communities and thethreats 
posed by as yet unknown or unrecognized diseases 
or syndromes, only three diseases (cholera, 
plague, and yellow fever) are expressly covered 
by the regulations' reporting requirements. 

Additional obstacles to effectiveness and 
compliance regarding both outbreak reporting 
and minimizing of health restrictions arise from 
limiting the range of information sources that 
can report on these issues to WHO. WHO has 
been criticized for relying solely on information 
reported officially by member states regarding 
outbreaks within their borders or health mea- 
sures appi ied to traffic from thecountry i nvol ved 
in an outbreak (9). To avoid self-incrimination, 
members do not report on a timely basis, if at all, 
as required (8,9,16). A related problem arises from 
the right of theaffected country's health admini- 
stration to determine the "infected area" of an 
outbreak (1, art. 1), although that decision can 
influence health measures other countries may 
apply to persons, vehicles, and cargo from the out- 
break area (1, arts. 46[1], 59, 64[2], and 66). WH O 
appears to limit its sources for listing infected 
areas in the Weekly Epidemiological Review 
"only [to] official governmental information" (17). 

Consequences of an Inadequate 

Information Base 

Driven by political and economic pressures 
and other concerns (8,18), neighbors or trading 
partners of countries affected by epidemics often 
overreact by setting up border or other restric- 
tions in excess of those permitted under the 
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regulations. From the beginning of the seventh 
cholera pandemicintoLatin America in 1991, for 
example, tradi ng partners of affected countries— 
particularly Peru— at ti mes rejected food i mports 
(19) or even nonfood manufactured goods (20), 
restricted travel (19), or closed their borders. 
Peru lost an estimated $770 million because of 
the epidemic (4). I n response to the 1994 plague 
outbreak in I ndia, somecountries severed air and 
shipping links with I ndia; the country sustained 
a reported $1.3 billion in export losses in 2 
months (21). Concerns about potential trade and 
travel restrictions have caused countries not to 
report outbreaks within their borders (8,12,22). 

Proposed Solutions to Information 

Weaknesses in Regulations 

The regulations' disease coverage, reporting 
of outbreaks, and disease incidence (and per- 
mitted responsive health measures) should be 
based upon an up-to-date schedule of the most 
relevant clinical syndromes in conjunction with a 
broadened list of relevant serious diseases. 
Syndromes should be reportable until the under- 
lying disease is identified. Descriptions of syn- 
dromes and appropriate and inappropriate health 
responses should be stated as clearly and speci- 
f i ca 1 1 y as possi bleintheregulations.Thisapproach 
would align the coverage of the binding regu- 
lations with the most appropriateand dangerous 
diseases; it would also facilitate moredirect and 
coherent risk evaluation and present a framework 
for addressing unknown or unrecognized diseases 
and syndromes. It is also likely to expedite 
reporting as there would be no need for disease 
identification. It mayalsostimulateparticipation 
by member states that have ceased comply! ng with 
what they regard as an outdated system (16). An 
operations research effort by WHO and its mem- 
ber states could facilitate the adoption of these 
suggested i mprovements by testi ngthesensitivity 
and specificity of syndromic outbreak reporting. 

Si mi I arly, to enhance the effectiveness of the 
regu I at i ons, the acceptabi esou rces of i nformati on 
on disease outbreaks and health measures put in 
place by member states under the regulations 
should be broadened to include other reliable 
sources. WHO's useand acceptance of reliable out- 
side information for such determinations will 
provide more accurate information and may also 
prompt moretimely reporting by theaffected coun- 
tries faced with preemption by WHO and others. 


The complex issues arising in international 
relations are discussed elsewhere (14,23-26), but 
the hi story of noncooperati on with the regu I ati ons 
does not preclude potential for improved com- 
pliance in the future. If the regulations are 
substantially and meaningfully revised (14,15) 
and key countries are sufficiently concerned 
about the dangers of emerging diseases to press 
for compliance with the revised scheme, com- 
pliance should improve (14). 

Step Two: Expand Policy and 
Programmatic Collaboration 

I nternational organizationsotherthan WHO 
deal more directly with the underlying issues 
affectingthetransmission of disease. The expan- 
sion of international regulatory provisions in all 
areas has i ncr eased the potenti al for overl appi ng 
policies and even regulation. 

Interorganizational and Interagency 

Consultations 

Revising the regulations presents an oppor- 
tunity toestablish interorganizational and inter- 
agency consultations and address potential 
contributions of agencies and organizations that 
can most di rectly affect thefactors i nvolved i n the 
emergence and control of infectious disease. A 
first step would bean interorganizational sum- 
mit led by WHO to examine potential joint or 
coordinated programs. The breadth and focus of 
thesummit will depend on the specific programs 
most compatible with such an approach. WHO 
has a long record of cooperation with other 
agencies and organizations, and joint activities 
are part of its programs addressing infectious 
disease control (4). Contacts need not be limited 
totheWHO-affiliated international organizations 
but can include other groups: WHO will need to 
evaluate whether participation by such agencies, 
nongovernmental organizations, and other enti- 
ties would be beneficial in a particular context, 
and if so, at what points in the process. 

Establishing new connections and building 
on existing relationships between WHO and other 
institutions and organizations (e.g., the World 
Trade Organization, the I nternational Civil Avia- 
tion Organization, and thel nternational M aritime 
Organization) present many benefits: WHO can 
bring its influence closer to the underlying pro- 
cesses and organizational entities di rectly i nvolved 
in disease emergence and control; it can more 
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effectively use its limited resources; and it can 
address initiatives in other organizations that 
may be insufficiently sensitive to key public 
health concerns. From an international relations 
perspective, such contacts may ultimately develop 
into direct links between the administration of 
WHO regulationsandthat of other international 
or multilateral organizations. 

World Trade Organization 

Health-related trade restrictions are regu- 
lated by multilateral organizations and agree- 
ments (Table 1), such as the recently established 
World TradeOrganization (WTO) and its related 
multilateral agreements, including the General 
Agreement on T ariffs and T rade (GATT) and the 
Agreement on the Application of Sanitary and 
Phytosanitary Measures (SPS agreement). Like 
the WHO regulations, parts of this complextrade 
regulatory scheme address the health-based trade 
constraints that countries may implement to 
protect their citizens and territories from infec- 
tious disease threats. Peru's appeal totheGATT 
Cou nd I for assi stance i n protect! ng i ts exports from 
unjustified rejection during the 1991 cholera out- 
break at the same ti me that P AH O was di rectly 
involved in dealing with theepidemicexemplifies 
this potential overlap of regulation (20). 

The WTO agreements specify which health- 
based trade barriers that would otherwiseviol ate 
a trade rule of WTO may be justified under the 
exceptions in GATT article XX(b) for measures 
"necessary to protect human, animal, or plant life 
or health" and interalia under the related SPS 
agreement that governs health measures perti nent 
to most infectious disease threats. Therefore, a 
WTO member's "sanitary and phytosanitary 
measures" (certain health-based trade restric- 
tions) that meet the SPS agreement's detailed 
requirements are deemed in compliance with 
GATT's XX(b) exception. The SPS agreement 
addresses al I sanitary and phytosanitary measures 
that a member may apply that potentially affect 
international trade (27, arts. 1, 2.4) The WTO 
agreements, in contrast to the WHO regulations, 
are not disease-specific. The sanitary and phyto- 
sanitary measures described in the SPS 
agreement focus on risks to humans from diseases 
carried by animals, plants, and their products; 
the entry or spread of pests; and additives, con- 
tami nants, toxi ns, and disease-causi ng organisms 


in food and beverages (27, Annex A, par. 1). The 
SPS agreement contains measures focusing on, 
for example, cholera as transmitted in inter- 
national trade in food and beverages and 
insectborne disease risks in international trade. 
Measures directed against many health risks to 
animals and pi ants arealso covered (27, Annex A, 
par. 1). Although the SPS agreement does not 
refer specifically to epidemics, its stated scope is 
broad enough to cover them, assuming the 
agreement's various requirements are met (27, 
arts. 5.7 and Annex B, pars. 2,6). However, 
aspects of the relevant applications of the SPS 
agreement areas yet not entirely clear. The WTO 
agreement and related Dispute Settlement 
Understanding have been in force only since 
1995. Measures directed at trade-related infec- 
tious disease risks not covered under the SPS 
agreement may be addressed by the Separate 
Agreement on Technical BarrierstoT rade, which 
concerns product standards, or by the GATT 
article XX[b] exception itself (28). 

Likethoseof theregulations, thegeneral pur- 
poses of the SPS agreement include limiting 
health-based restrictions tothosethat are neces- 
sary and as minimally burdensome to trade as 
possible. The SPS agreement provides detailed 
rules and standards for determining what sani- 
tary or phytosanitary measures are permitted on 
the basis of scientific support, risk assessment, 
and other factors (27, arts. 2.2, 3.3, 5 and Annex 
A par. 4), as well as numerous other provisions. 
The SPS agreement provides, for members' use, 
where applicable, certain established "interna- 
tional standards, guidelines or recommendations" 
(rather than thei r own standards) to promote i nter- 
national consistency on these measures. A member 
mustjustify, scientifically and otherwise, imple- 
mentation of higher standards if they result in a 
greater restriction on trade than the stipulated 
international standard (27, art. 3 and Annex A, 
pars. 2-3). For example, regarding food safety 
issues, the SPS agreement designates the "stan- 
dards, guidelines and recommendations" 
established by the WHO-Food and Agriculture 
Organization Codex Alimentarius Commission. 
TheCodex Al i mentari us is an extensivecodethat 
addresses a broad range of food production issues 
including food additives, limits on pesticide resi- 
dues, food labeling requirements, product com- 
position, recommendations on food processing 
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techniques, and suggested inspection procedures 
regarding food products and production (27, Annex 
A, par. 3[a]). However, the reguiations do not 
mention the Codex (aithough it is a key part of 
WHO guideiineson food issues). 

WTO mechanisms for disputeresoiution differ 
substantiaiiyfromthoseoftheWHO reguiations: 
among other differences, uitimate adjudication 
authority remains within WTO. Under GATT 
articiesXXii andXXiii and the Understanding 
on Ruies and Procedures Governing the Settie- 
ment of Disputes (Dispute Settiement Under- 
standing), if the disputing parties' consuitation 
and other preiiminary steps do not resoive a 
dispute, they ordinariiy resort to adjudication 
before a WTO three-person panei (29).Thepanei's 
report (inciuding its recommendation if a vioia- 
tion has been found) is adopted by the WTO 
members (si tti ng as the D i spute Setti ement B ody), 
uniess there is a consensus to reject it. There is 
aiso a potentiai appeiiate procedure, before the 
seven-person Appeiiate Body, regarding iegai 
issues, ifthechaiiengedtraderestriction isfound 
to be unjustified (andthereiated ruiings, usuaiiy 
to bring the vioiating measure into compiiance, 
are not impiemented nor is negotiated 
compensation obtained), the injured member can 
be authorized to obtain compensation by retaiia- 
tion: a proportionai reduction in a trade conces- 
sion or obiigation owed to the vioiator. The 
overaii vaiueofthis mechanism is controversiai. 
However, since its estabiishment in 1995, some 
50 requests to start consuitations on disputes of 
aii kinds have been initiated; severai cases are 
before paneis; two paneis have compieted pro- 
ceedings; there has been one appeiiate ruiing; 
and ten disputes have been resoived by con- 
suitation without resort to a panei (30). 

Given the paraiieis between the WHO and 
WTO reguiatory systems and the interpiay 
between epidemics and trade, WH O consuitations 
with WTO wouid enhance coordination (or other 
more or iess formai arrangements) on trade 
issues reiated to disease threats. Coordination 
seems particuiariy appropriate in iight of the 
current revision of the reguiations. As the range 
of diseases and syndromes covered by the 
reguiations is substantiaiiy broadened, areas of 
potentiai overiapor paraiiei may grow (15). 

TheSPS agreement provides for consuitation 
and coordination between the WTO system and 
those of other internationai organizations (27, 
art. 11.3). The Committee on Sanitary and 


Phytosanitary Measures estabiished under the 
SPS agreement has a mandate to consuit with 
other internationai organizations in thefieid of 
sanitary or phytosanitary protection (inciuding 
the Codex Aiimentarius Commission); to obtain 
scientific and technicai advice for administering 
theagreement; to avoid unnecessary dupiication 
of efforts; and to identify other internationai 
standards, guideiines, or recommendations reie- 
vant to sanitary and phytosanitary measures 
that have a major impact on trade. (27, art. 12). 
Consuitation is aiso recommended for dispute 
resoi ut ion. TheSPS agreement encou rages di spute 
resoiution paneis deciding cases that invoivethe 
agreement on scientificor technicai issuestoseek 
advice from experts, inciuding the reievant 
internationai organizations (27, art. 11.2). 

The WTO aiso has a Committee on Trade and 
Environment, which addresses the reiationship 
of reguiation and poiicy on tradeand Environment 
issues, inciuding issues concerning the SPS 
agreement (31-32). in an exampieof a potentiai 
consuitation between WHO and WTO, a buiietin 
of the Committee on Trade and Environment 
i ndicates that theConference of the Parties of the 
BiodiversityConvention (anenvironmentai treaty) 
had requested that its Secretariat "iiaisewith the 
WTO Secretariat and invite it to provide input in 
identifying the synergies and reiationship 
between theobjectives"of theconvention and one 
of the WTO agreements (33). 

Coiiaboration and consuitation on heaith- 
reiated trade issues wiii depend on accom- 
modating the many differences between the two 
organizations, as weii as WHO's constitutionai 
provisions concerning such reiationships(7, arts. 
70-71) and the more iimited articies in the 
current reguiations on such contacts (1, arts. 
46[3], 85). Whiie estabiishing working reiation- 
ships with WTO might not be a panacea for the 
many trade-reiated concerns under the WHO 
reguiations, it wouid provide opportunities for 
reinforcement of the iegai and institutionai bases 
for thepreventi on of i nappropri atetraderestrai nts. 

International Civil Aviation 

Organization (ICAO) 

Because of the importance of internationai 
travei (as weii as air transportation of cargo) to 
diseaseemergence, iCAO isanotherimportantcoi- 
iaborative partner. UniikeWTO, however, iCAO 
has had a iong-standing reiationship with WHO, 
dati ngfrom the 1940s and i nd udi ng partici pation 
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i n creati ngtheregulations (8). Theconfl icti ng pres- 
sures of globalization of world transport (and com- 
merce) and sovereignty have affected the ability of 
ICAO and WHO to regulate effectively (34). 

I n preventing infectious diseases, WHO and 
ICAO have overlapping areas of interest, such as 
the disinsectization of aircraft and airport health 
and sanitary facilities. Under theConvention on 
International Civil Aviation and related instru- 
ments, ICAO addresses a variety of civil aviation 
issues, including many relating to public health 
and international transmission of disease. The 
convention provides that each member state 
"agrees to take effective measures to prevent the 
spread by means of air navigation of cholera, 
epidemic typhus, smallpox, yellow fever, plague, 
and such other communicable diseases as the 
contracting States shall ... designate" and to 
"keep in close consultation with the agencies 
(such as WHO) concerned with international regu- 
lations relating to sanitary measures applicable 
to aircraft" (35). The specific compulsory "Stan- 
dards" and related "Recommended Practices" in 
Annex 9 to the convention i ncl udethose appi icable 
to public health, infectious diseasetransmission, 
and related requirements (36). These provisions 
arefundamentally tied to WHO recommendations 
and the regulations in Standard 8.12, which 
requires ICAO member states to "comply with 
pertinent provisions of thecurrent edition of the 
[regulations]." Specific ICAO standards and 
recommendations also refer to WH O recommen- 
dations and regulations in key areas, including 
aircraft disinsectization, provision of safe food 
and water at airports and on aircraft at inter- 
national airports, proper facilities for disposal of 
refuse, waste, wastewater, and other dangerous 
matter, and yellow fever certificates. 

WHO cooperation with ICAO is exemplified 
by the parti ci pation of ICAO in the 1995 informal 
WHO consultation regarding revision oftheregu- 
lations; ICAO was the only such international 
organization to participate in the consultation 
(15). The consulting group's recommendations 
suggested that certain sections of the revised 
regulations concerning sanitation standards at 
airports and seaports should refer to the 
appI i cable requi rements (except! ons bei ng health 
care services for sick persons on arrival, equip- 
ment necessary for disinfection, and disin- 
sectization, and control of animal-bornedisease), 
under other international agreements, such as 
Annex 9. Although this specific recommendation 


may have flaws (for example, it effectively renders 
the regulations incomplete in themselves as a ref- 
erenceor guidetoessential rules), it demonstrates 
ongoing attempts to link the two organizations. 

Coordination of WHO and ICAO in dealing 
with theinappropriateimposition of health mea- 
sures is particularly relevant now. At a 1995 ses- 
sion of the ICAO division with jurisdiction over 
such public health issues, "[djelegates recom- 
mended that I CAO work with the World H ealth 
Organization ... to draft joint guidelines that, if 
followed, would prevent adoption by Contracting 
States of excessive health measures that might 
disrupt international air transport services in 
cases of outbreaks or epidemics of diseases" (37). 

International Maritime Organization (IMO) 

Provisions under the regulations concerning 
deratting procedures (as noted in the WHO infor- 
mal consultation on revision of the regulations) 
(15) and sanitary conditions at seaports also pi ay 
an important role in maritime health and in 
containing international disease transmission 
threats. The regulations also address cholera- 
contami nated bi Ige water i n certai n ci rcumstances 
on arrival of the ship (1, art. 62[lj). Health 
authorities are broadly authorized to take 
measures "to control the discharge from any ship 
of sewage and refuse which might contaminate 
the waters of a port, river or canal" (1, art. 29). 
IMO has recognized the global public health 
problems of bacterial and viral diseases 
transmitted in discharges of ballast water and 
sediment (38). A poll of I MO member states indi- 
cated that such transmission is a major inter- 
national problem expected to worsen (38). The 
I M O assembly has accordi ngly adopted (general ly 
nonmandatory) guidelines to prevent the 
introduction of bacterial and viral pathogens in 
ballast water and sediment. The IMO resolution 
traced this concern in part to the 1973 Inter- 
national Conference on Marine Pollution, in 
which the parties cal led for WHO, in collaboration 
with I M O, "to carry out research i nto the role of 
ballast water as a medium for the spreading of 
epidemic disease bacteria" (38). 

A sound legal and pol icy framework is needed 
to support efforts against emergent infections. 
Truly intersectoral, interagency, and inter- 
organizational collaboration in addressing the 
broad factors of emergence and expanded 
reporting of disease are major steps in this 
process. Thechallengeis broad, but in view of the 


Vol. 3, No. 1 — January-March 1997 


7 


Emerging Infectious Diseases 



Perspective 


i ncr eased pace of emergen ceandthegl oba I i zat i on 
of disease, the importance of a comprehensive 
legal and policy framework cannot beoverstated. 
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Surface Antigens of the Syphilis Spirochete 
and Their Potential as Virulence Determinants 

David R. Blanco, J ames N. Miller, and Michael A. Lovett 

UCLA SchcxDl of Medicine, LosAngeies, Caiifornia 


A unique physical feature of Treponema pallidum, the venereally transmitted agent of 
human syphilis, is that its outer membrane contains 1 00-fold less membrane-spanning 
protein than the outer membranes of typical gram-negative bacteria, a property that 
has been related to the chronicity of syphilitic infection. These membrane-spanning T. 
pallidum rare outer membrane proteins, termed TROMPs, represent potential surface- 
exposed virulence determinants and targets of host immunity. Only recently has the 
outer membrane of T pallidum been isolated and its constituent proteins identified. Five 
proteins of molecular mass 1 7-, 28-, 31 -, 45-, and 65-kDa were outer membrane asso- 
ciated. The 1 7- and 45-kDa proteins, which are also present in greater amounts with the T. 
pallidum inner membrane protoplasmic cylinder complex, had been previously 
characterized lipoproteins and are, therefore, not membrane-spanning but rather mem- 
brane-anchored by their lipid moiety. In contrast, the 28-, 31 -, and 65-kDa proteins are 
exclusively associated with the outer membrane. Both the purified native and an 
Escherichia coll recombinant outer membrane form of the 31 -kDa protein, designated 
Trompi , exhibit porin activity, thereby confirming the membrane-spanning outer mem- 
brane topology of Trompi . The 28-kDa protein, designated Tromp2, has sequence charac- 
teristics in common with membrane-spanning outer membrane proteins and has also 
been recombinantly expressed in E. coll, where it targets exclusively to the E. coll outer 
membrane. The 65-kDa protein, designated Tromp3, is present in the least amount 
relative to Trompsi and 2. Tromps 1 , 2, and 3 were antigenic when tested with serum from 
infection and immune syphilitic rabbits and humans. These newly identified TROMPs pro- 
vide a molecular foundation for the future study of syphilis pathogenesis and immunity. 


Despite the fact that Treponema pallidum 
subsp. pallidum has remained sensitive to 
penicillin for more than four decades, syphilis 
remains an important cause of sexually trans- 
mitted disease, accounting for more than 14,000 
new cases in 1995 in the U nited States alone (1). 
Although syphilis is not an emerging infectious 
disease, its reemergence, from 1986 to 1990, cul- 
minated in morethan 100,000 reported cases in 1990 
and an 80% i naease i n the reported rate per 100,000 
population. The reemergence of syphilis has also 
been associated in certain areas with the use of 
crack cocaine, and syphilis continues to be an 
important risk factor for acquiring and trans- 
mitting human immunodeficiency virus. 

Syphilis is characterized by months of clinical 
disease followed by years of latency with the 
potential for relapse to debilitating or lethal late 
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disease if left untreated. Thechronicity of infection 
may relate to a striking property of theT. pallidum 
outer membrane, namely that it contains 100-fold 
less membrane-spanning protein than the outer 
membranes of typical gram-negative bacteria (2,3). 
This article reviews recent progress in identifying 
and characterizing the rare outer membrane 
proteins (TROM Ps) of T. pallidum. 

The interaction of host and pathogen leading 
to the establishment of infection generally pro- 
ceeds through the interactions of their respective 
surface molecules. An understanding of the 
molecular basis for syphi I is pathogenesis and the 
identification of corresponding T. pallidumsurface 
molecules have long been hampered by the 
inherent difficulties associated with the study of 
this organism. I n contrast to that of many other 
pathogen i c spi rochet es from the genera T reponema, 
Borrdia, and Leptospira, the in vitro multi plication 
of T. pallidum is unsuccessful in artificial media 
and is limited and impractical in tissue culture (4). 
Further, only limited numbers of T. pallidum are 
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Figure 1. Freeze-fracture electron microscopy of Treponema pallidum subsp. 
pallidum (A), and Escherichia coli (B). Concave ( ) and convex ( ) outer 
membrane (OMF) and inner membrane (IMF) fracture faces. 


attainablefrom testicular cultivation in 
rabbits. Organisms acqui red from rabbit 
infection are also bound with host 
material including albumin (5), fibro- 
necti n (6), and glycosami noglycans (7); 
therefore, the separation and purifi- 
cation ofT. pall idum molecules arecom- 
plicated. Host material associated with 
T. pallidum has also been the basis for 
past theories of molecular mimicry 
during syphiliticinfection (6), ofT. palli- 
dum adherenceto host cel Is and tissues 
(8), and of the long recognized antigenic 
inertness of thesurfaceof this organism. 

Past studies showed that the 
surface of T. pallidum behaves as if it 
lacks proteins and antigens. These 
fi ndi ngs i ncl uded the i nabi I i ty to detect 
antibody bound tothe surface of struc- 
tural ly i ntact treponemas by i mmuno- 
fluorescence(9) or by immu noelectron 
microscopy (10,11), the limited radio- 
label i ng of surface protei ns (12, 13), and 
the observation that only with 
extended in vitro incubation could 
proteins of intrinsically radiolabeled 
T. pallidum bind specific anti body (14). 

One hypothesis generated by these 
observations was that the surface of 
T. pallidum was antigenically inert 
because of a limited number of 
availablesurface-exposed antigens. 

The i nabi I ity to apply conventional 
gram-negative cel I fractionation procedures to T. 
pallidum toisolateits outer membraneand identify 
its constituent proteins further hampered the 
identification of surface-exposed proteins. As a 
result, alternative methods, which included 
detergent solubilization, were used to achievethis 
goal . Thedetergent T riton X-114 (TX-114) was used 
with particular interest because of its inherent 
property of a low temperature cloud point that 
results in phase separation yielding both aqueous 
and detergent phases. It was found that 0.1% to 2% 
TX-114 wouldselectively sol ubi I IzetheT. pallidum 
outer membrane and result in the recovery of 
several promi nent detergent-phase protei ns (15,16), 
which were speculated, at the time, to be part of 
the outer membrane and potentially surface 
exposed. These proteins were subsequently found 
to be I i poprotei ns (17)and werestrongly antigenic 
when tested with serum from syphi I itic rabbits and 
humans (17). While surface exposed lipoproteins 


have been demonstrated for other pathogenic 
spirochetes, indudingBorrdia (18) and Leptospira 
(19), a surface exposed location for a strongly anti- 
genicT. pallidum lipoprotein was inconsistent with 
the surface antigenic inertness of this organism. 

A major advance in the understanding of the 
T. pallidum outer membraneand cell surface fol- 
I owed theresultsof f reeze-f r act u re el ect ron mi cr o- 
scopy in 1989. The observation that the fracture 
faces of theT. pal I idum outer membrane contained 
only 170 particles/)j,m2 (2,3), which is approxi- 
mately 100-fold less than what is contained in 
typical gram-negative bacterial outer membranes 
(Figure 1), together with the finding of freeze-etch 
analysis (3), has provided the most plausible 
explanation for the antigenic inertness of theT. 
pallidum surface. The rare particles reveal IngT. 
pallidum rareouter membrane protei ns weredesig- 
nated TROMPs (2,20), and because of their 
membrane-spanning topology, they were distinct 
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from lipoproteins, which do not span membranes 
to form particles in freeze-fractureanalyses (21). 
Moreover, a membrane-spanning protein by 
definition should possess several surface exposed 
regions, suggesting that TROMPs had surface 
exposed antigenic sites. This theory was con- 
firmed by freeze-fracture analysis when it was 
observedthat incubation ofT. pallidum in serum 
from syphilitic rabbits immune to reinfection 
result^ in the aggregation of TROMPs (20) 
(F igure 2). 1 1 was found that 8 to 16 hours of i ncu- 
bation was required for this aggregation to occur, 
suggesting that antibody-mediated aggregation 
of TROMPs is the rate limiting step for com- 
plement activation and killing of T. pallidum (20). 

The findings of a potentially protective 
immunoqen in low molar amounts on the outer 


membrane surface of T. pallidum have provided 
a further attractive explanation for the prolonged 
period required for the induction of acquired pro- 
tective immunity during syphilitic infection. This 
is also in accord with the repeated immunizations 
requi red for protective i mmunity with T. pal I idum 
attenuated by gamma irradiation (22), the only 
method of successful vaccination ever reported. 
Thus, the identification and study of TROM Ps has 
become essential in understanding syphilis 
pathogenesis and immunity in molecular terms. 

Isolation of the T. Pallidum 
Outer Membrane 

I n 1994, we developed a procedure to isolate 
the outer membrane of T. pallidum without 
detergents (23). This method 
used three key features: 1) a 
Ficoll step gradient to purify T. 
pallidum from host con- 
taminating material; 2) octadecyl 
rhodamine B chloride salt, a 
lipid-conjugated chromophore 
that intercalates into mem- 
branes and provides a visual 
marker to monitor outer mem- 
brane release and recovery; and 
3) a hypotonic 0.05 M sodium 
citrate buffer, pH 3.0, which was 
found to selectively release the 
T. pallidum outer membrane. 
Since it has been suggested that 
endoflagellar filaments physi- 
cally interact with the outer 
membrane in the process of 
moti I ity, the probable mechani sm 
for outer membrane release by 
thisprocedureisthedepolymeri- 
zation of endoflagella at low pH. 

Purification of T. pallidum 
outer membrane vesicles in 
suCTOse density gradients showed 
that the membrane banded at 
the very low density of 1.03 g/ml 
(7% sucrose). This, however, was 
expected for properties of a 
membrane that lacks lipopoly- 
saccharide (24) and contains a 
small amount of protein. Freeze- 
fracture electron microscopy 
demonstrated that the purified 
membrane vesicles contained 
extremely rare i ntramembranous 



Figure 2. Freeze-fracture electron microscopy of T. pallidum subsp. pallidum 
demonstrating TROMP aggregation. Concave ( ) and convex ( ) outer membrane 
fracture faces (OM). T. pallidum incubated in heat-inactivated normal rabbit serum for 
16 hours (A), in immune rahbit semm for 2 hours (B), and in immune rabhit serum for 16 
hours (C) and (D). Arrows show individual (A&B) and aggregated (C&D) TROMPs. 
Bar in each micrograph represents 0. Ipm. Photograph reprinted with the permission of 
the Journal of Immunology, copyright 1990, The American Association of Immunologists. 
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particles consistent with the low particle density 
observed for the native outer membrane of T. 
pallidum.Theselectiveisolation oftheT. pallidum 
outer membrane was shown by the inability to 
detect T. pallidum penicillin binding proteins, a 
marker of the cytoplasmic membrane. Further 
support for the selectivity of theouter membrane 
isolation wasthecompleteabsenceof a previously 
characterized 19-kDa periplasmic protein termed 
4D (15) and the abundant 47-kDa lipoprotein (17) 
and the presence of only trace amounts of 
endoflagellar protein. The absence of the 47-kDa 
lipoprotein was particularly important since it is 
widely accepted that this very abundant protein 
is exclusively anchored to the inner membrane 

(25) . Thefindingthat the47-kDa lipoprotein was 
not detected in the purified outer membrane 
material indicates that inner membrane anchored 
lipoproteins were not released by this procedure. 

Two dimensional immunoblot analysis was 
used to identify the protein constituents present 
in purified T. pallidum outer membrane. Two 
strongly antigenic species werefound by syphilitic 
immune rabbit serum, one very basic protein 
(pi >7.0) at 17-kDa and the other having a pi of 
approxi mately 4.5 at 45-kDa.Theobservation that 
the 17-kDa protei n was very basic, showed higher 
oligomeric forms, and was selectively partitioned 
i nto the hydrophobi c phase after Triton X-114 deter- 
gent extraction was consistent with properties 
reported for the 17-kDa lipoprotein ofT. pallidum 

(26) . With specific monoclonal antibodies, the 
45-kDa protein was identified as the previously 
characterized lipoprotein termed TmpA (27). It was 
also found that most of these two lipoproteins, well 
over 90%, areassociated with the inner membrane 
protoplasmic cylinder complex. It would appear, 
however, that theassociation of the 17- and 45-kDa 
lipoproteins with theouter membrane is specific, 
given theabsence of the normally abundant 47-kDa 
lipoprotein. The function of these two outer 
membrane I i poprotei ns remai ns to be determi ned. 

I n addition to the strongly antigenic 17- and 
45-kDa lipoproteins, gold stained two-dimensional 
blots of outer membrane showed four additional 
T. pallidum proteins, including one each at 28- 
and 65-kDa and two at 31-kDa, with close but 
distinct pi migration patterns. All ofthese protei ns, 
including the 17- and 45-kDa lipoproteins, were 
present in approximately equal amounts in the 
outer membrane. However, in contrast to the 17- 
and 45-kDa lipoproteins, these four additional 
proteins required very low dilutions (1:25) of 


immune syphilitic rabbit serum for detection by 
immunoblot analysis. Moreover, when compared 
with stained two-dimensional blots of total T. 
pallidum proteins, these four additional outer 
membrane protei ns were either not detectable, as 
was the case for the 65-kDa protein and the more 
basicof the two 31-kDa proteins, or represented 
extremely minor species, as was the case for the 
28-kDa protein and the more acidic 31-kDa 
protein. In view of the paucity of TROMPs 
determined from freeze-fracture analysis, these 
four proteins, which were clearly enriched in our 
outer membrane preparation, became the leading 
candidates for membrane-spanning outer 
membrane proteins of T. pallidum. 

I n 1995, a second T. pallidum outer membrane 
isolation method that used plasmolysis of 
organisms i n 20% sucrose was reported by Radolf 
et al. (28). Outer membraneisolated by this method 
was also shown by freeze-fracture analysi s to have 
an extremely low density of membrane-spanning 
protein. These studies showed that the lipid com- 
position oftheT. pallidum outer membrane was 
similar to that of the protoplasmic cylinder inner 
membrane complex, with the exception of cardio- 
lipin, which was prominently detected only in 
protopi asm! c cyl i nders. Of fu rther i nterest was the 
finding that outer membrane phospholipids and 
glycolipids did not react with antibody from 
infection-derived immuneserum, suggesting that 
only outer membrane protei ns aretarget antigens. 
However, in contrast to the limited number of 
protein species that we observed, silver stained 
gels of their outer membrane material showed 
more than 20 proteins, including the 47-kDa 
lipoprotein. One interpretation of these results is 
that many of the protei ns identified in their outer 
membrane preparation are possi bly contami nants 
of the periplasm or inner membrane. Thus, we 
believe that the small number of protein species 
identified by our isolation method represent a 
more accurate account of the outer membrane 
protein composition ofT. pallidum. 

While lipoproteins are integral membrane 
proteins, their membrane association extends only 
to integration of the lipid moiety in the bi layer. I n 
contrast to membrane-spanning proteins, theT. 
pallidum lipoproteins do not span membranelipid 
bi layers and, therefore, do not form particles upon 
freeze-fracture electron microscopy (21). By com- 
parison, onetype of membrane-spanning protein 
common to virtually all gram-negative outer 
membranes are porins, which form water-filled 
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channels through membranes allowing for 
transport of small molecular weight solutes (29). 
Pori n proteins, I ike almost all outer membrane pro- 
teins, span membranes in a beta-pleated sheet 
topology rather than in alpha helical hydrophobic 
regions, which are common to inner membrane- 
spanning proteins (30). Porin activity can be 
detected by several methods (29), including radio- 
isotope efflux or substrate uptake in proteo- 
liposomes, liposome swelling, and the black lipid 
bilayer assay, which measures the conductivity 
of ions through porin channels. I n the black lipid 
bilayer assay, a set voltage is applied aaoss an 
artificial lipid bilayer which, if a porin protein has 
been inserted, results in an increase in electrical 
conductance. The degree of conductance increase 
for many insert! onal events is used to calculate 
the average pore channel size. When the black lipid 
bi layer assay was used with T riton X-100 detergent 
solubilized proteins from our purifiedT. pallidum 
outer membrane, porin activity was demonstrated 
(23). Two distinct average conductance increases 
were observed at 0.4 and 0.76 nanosiemens (nS), 
corresponding to pore channel sizes of 0.35 and 
0.68 nm, respectively, which aresimilar in sizeto 
porin channels found for other gram-negative 
bacteria (29). At the time, the two distinct con- 
ductance measurements suggested two different 
porin species, or alternatively, that the larger 
activity could be the result of dimeric aggregates 
ofthesmaller activity or the smaller activity could 
be a substate of the larger channel, possibly 
caused by the application of a voltage (31). 
Regardless of the exact number of T. pallidum 
porin species, these findings confirmed that at 
least some of the particles observed by freeze- 
fractureelectron miaoscopyoftheT. pallidum outer 
membrane were membrane-spanning porin 
proteins. This finding was of particular 
i mportance si nee several gram-negative bacteri al 
porins play a role in pathogenesis by acting as 
adhesins (32,33) and as surface targets of 
bactericidal antibody (34-37). Thus, the search for 
an outer membraneT. pallidum porin protein was 
initiated to identify a first TROM P species. 

T. Pallidum Rare Outer Membrane Protein 
1 (Trompi): an Outer Membrane Porin 

Since most porin proteins have molecular 
massesof28to48-kDa (29), our focus was directed 
toward isolating the 28- and 31-kDa proteins iden- 
tified in purified T. pallidum outer membranes. 


Internal amino acid sequences from the native 
31-kDa protein were used to clone the encoding 
structural gene, designated trompi (38). 
Antiserum generated to a recombinant Trompi 
fusion protein has shown that both 31-kDa proteins 
identified by two-dimensional blot analysis of outer 
membrane are Trompi. Analysis of the deduced 
amino acid sequence showed an N -terminal 
hydrophobic region consistent with a signal peptide. 
Two potential leader peptidase I cleavage sites are 
noted, including threonine-histidine-alanine at 
residues 30 through 32 and alanine-alanine- 
alanine at residues 38 through 40. Identification 
of the cleavage site by N-terminal amino acid 
sequence of the native protein has not been pos- 
sible because of the limited amount of native 
protein recoverable. However, other data discussed 
later in this review suggest that alanine-alanine- 
alanine is the correct cleavage site. The deduced 
Trompi amino acid sequence also supports the 
concept that Trompi topology is in accord with 
the structural paradigms of other gram-negative 
outer membrane proteins. Beta-moment analysis, 
which shows amphipathic sequence regions, has 
predicted that Trompi has 14 membrane-spanning 
amphipathic beta-sheet segments typical of 
gram-negative outer membrane proteins (29,30). 

The lethal ity for E scheri chi a col i transformants 
harboring the intact trompi structural gene, 
which was found by immunoblot analysis to be 
express! ng T rompl, is si mi I ar to that observed for 
many recombinant gram-negative porin proteins 
expressed in E. coli (39). The trompi gene has 
recently been found to be part of a putativetrans- 
port operon that includes an adenosine triphos- 
phate bi ndi ng protei n and a hydrophobic membrane 
protein (Hardham et al., Gordon Research 
Conference, 1996). To determine if Trompi was a 
pori n, nati veT rompl was purified from Triton X-100 
solubilizedT. pallidum by nondenaturing isoelec- 
tricfocusing. The demonstration of porin activity, 
by the black lipid bi layer assay, has confirmed that 
T rompl is a membrane-spanning outer membrane 
protein ofT. pallidum, thefirst such protein to be 
identified for this organism. Native Trompi 
showed two distinct conductance distributions 
about means of 0.15 and 0.7 nS. The larger of these 
channels is similar in mean conductance to the 
0.76 nS activity observed by using purified outer 
membrane. The smaller 0.15 nS conductance 
channel had not been detected previously, and 
while two channels of different sizes have been 
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reported for other porins (40), this may simply be 
the result of partial damage during isolation. 

Because most gram-negative bacterial porins 
exist in the outer membrane in either a sodium 
dodecyl sulfate (SDS) unstableor stabletrimer con- 
formation (29), it was theorized that Trompl would 
also be organized in an oligomericform in theouter 
membrane of T. pallidum. Antiserum against a 
Trompl fusion protein has in fact identified two 
higher molecular mass forms of nativeTrompl on 
immunoblotsofT. pallidumwith sizes of approxi- 
mately 55- and 80-kDa. A 98-kDa size is further 
found to be the only detectable form of native 
T rompl when T. pallidum is solubilized at room 
temperature! n a low concentration (0.02%) of SDS. 
These findings would appear to be consistent with 
the idea that nati veT rompl exists i n the T. pal I idum 
outer membrane in an SDS-unstabletrimer con- 
formation, a property that would be common toseve- 
ral other gram-negative outer membrane porins (29). 

Expression of a Porin Active Recombinant 
Trompl (rTrompI) 

Porin proteins of gram-negative pathogens not 
only function as portals for nutrient acquisition 
across the outer membrane but also play a role in 
pathogenesis by acting as adhesins (32,33) and 
targets for bactericidal antibody (34-37). The 
membrane-spanning conformation of membrane 
porins iscritical for their biologic function. Many 
surface-exposed epitopes on porins shown to be 
targets for bactericidal antibodies are confor- 
mational (34,36). Thus, correct outer membrane 
protein conformation should be a key consi- 
deration in the study of porins as they relate to 
bacterial virulenceand host immunity.Thepre/ious 
demonstration of immune serum antibody 
mediated aggregation ofTROMPs, as viewed by 
freeze-fractureelectron microscopy (20), suggested 
that T rompl could be a key surface exposed target 
for antibody that mediates killing (20,41) or 
opsonization (42,43) ofT. pallidum. Becauseofthese 
possi bi I ities, studies have been i nitiated to express 
and isolate a porin form of recombinant T rompl 
(rT rompl) with nativeconformation and in amounts 
necessary to conduct functional studies. 

The controlled nonlethal expression in E. coli 
of exported rTrompl was accomplished by 
inserting the trompl gene, including the region 
encoding its native signal peptide, intoa relatively 
low copy number expression plasmid that has an 


inducibleT? promoter (44). Uninduced basal levels 
of T7 RNA polymerase resulted in the stable 
expression, export, and outer membrane locali- 
zation of rT rompl. Expression detected in whole cel I 
lysates showed several forms of rT rompl, ranging 
in molecular mass from 31- to 35-kDa. These 
different sizes of rT rompl may represent different 
conformati ons of the protei n as observed for other 
recombi nant outer membrane protei ns expressed 
in E. coli. Onlythe35-kDaform of rTrompl isdetec- 
ted in outer membranes isolated from E . coli. One 
explanation for the higher molecular mass outer 
membrane form is its possible association with 
lipopolysaccharides, known to form a complex with 
gram-negative outer membrane porin proteins 
(45). Such an interaction would certainly be note- 
worthy because theT. pallidum outer membrane 
does not contain lipopolysaccharides (24). 

The demonstration of porin activity by using 
rT rompl isolated from E . col i outer membranes has 
further confi rmed the membrane-spanni ng confor- 
mation of Trompl. Single channel conductance 
measu rements ofrTromplintheblacklipidbil ayer 
assay showed two distinct distri but! ons of activity 
about 0.4 and 0.8 nS. The 0.8 nS conductance is 
clearly similar to the 0.7 nS conductance deter- 
mi ned for nativeT rompl (38) and the0.76nS conduc- 
tance determined for purified outer membrane, 
indicating that the pore-forming conformation of 
a portion of rTrompl is similar if not identical to 
that ofthenative protein. Although it isnot known 
why rTrompl also showed a 0.4 nS conductance 
measurement, one possibility is an altered con- 
formation of the protein after the isolation process. 

A further question regarding the outer 
membranelocalization of porin activerT rompl has 
been whether surface exposed antigenic sites are 
present. Whole mount immunoelectron micro- 
scopy has demonstrated the surface binding of 
immune rabbit serum anti body on E. coli expressing 
rTrompl (44). Antibody raised against a soluble 
fusion protein form of rT rompl, which was found 
by immunoblot analysis to be 100-fold more sen- 
sitive i n detect! ngT rompl than the i mmune rabbit 
serum antibody, did not show surface binding of 
anti body on E. coli express! ngrTrompl.Thissoluble 
fusion protei n form of rT rompl does not have pori n 
activity when tested in the black lipid bilayer 
assay. Thus, a reasonable explanation for the 
immunoelectron microscopy observations is that 
the bound immune rabbit serum antibodies 


Emerging Infectious Diseases 


16 


Vol. 3, No. 1 — January-March 1997 



Synopses 


recognize conformational surface epitopes on 
rTrompl, a possibility which may also extend to 
nativeT rompl on thesurfaceof T. pallidum. 

The importance of porin protein conformation 
to biologicfunction has been further demonstrated 
in studies using rT rompl. The primary ami no acid 
sequence of Trompl suggests two possible signal 
peptide processing sites within the first 40 resi- 
dues at threonine-histidine-alanineand at alanine- 
alanine-alanine. Signal peptide fusion constructs at 
these two possible cleavage sites using theOmpT 
signal peptide of E. coli result in both forms of 
rTrompl being exported and targeted to the E. 
coli outer membrane. Only theOmpT signal fused 
at the alanine-alanine-alanine position resulted in 
an exported product that has a molecular mass 
closest to that of nativeT rompl. Moreover, while 
the outer membrane form of rT rompl processed 
at threonine-histidine-alanine showed porin 
activity, theaveragechannel conductance was 3.2 
nS, which is considerably larger than the 0. 7-0.8 
nS channels observed for native and recombinant 
Trompl exported with its native signal peptide. 
The greater lethality and limited recovery of the 
OmpT -Trompl fusion construct processed at 
alanine-alanine-alanine has precluded at this time 
the ability to test this outer membrane form for 
porin activity. These findings suggest that 
alanine-alanine-alanine is the likely processing 
site i n theTrompl sequence for leader peptidase I . 
More importantly, these findings have indicated 
that subtle changes in the length of the primary 
amino acid sequence of Trompl can have 
significant effects upon porin activity and are 
likely the result of an altered conformation of the 
protein. For this reason and as described 
previously, proper Trompl conformation is an 
important consideration for future studies 
addressing its role in syphilis pathogenesis. 

T. Pallidum Rare Outer Membrane Protein 
2 (Tromp2) 

In the search for additional TROMP species, 
we have recently focused on the 28-kDa protein 
identified in purifiedT. pallidum outer membrane 
preparations (23). As in the protein for Trompl, 
internal amino acid sequences from the native 
28-kDa protein were used to clone the encoding 
structural gene, now designated tromp2 (46). Ana- 
lysis of the deduced amino acid sequence showed 
a 24-residue N -terminal hydrophobic region consis- 
tent with a signal peptide and terminating in a 


typical leader peptidase I cleavagesiteof leucine- 
alanine-alanine. Asfor Trompl, thededuced amino 
acid sequence for T romp2 is also in accord with the 
structural paradigms of other gram-negativeouter 
membrane proteins. Beta-moment analysis has 
predicted that Tromp2 has 9 membrane-spanni ng 
amphipathic beta-sheet segments. 

Recombinant expression and export of Tromp2 
(rTromp2) in E. coli has recently been accom- 
plished by usingtheentiretromp2 structural gene 
in a relatively low copy number plasmid that has 
an inducible T7 promoter (46). In contrast to 
T rompl, T romp2 expression was not found to be 
lethal to E. coli, even under maximum inducing 
conditions. I mmunoblot analysis using antiserum 
generated torTromp2 has shown that virtually all 
of the recombinant protein produced is targeted 
to the E. coli outer membrane. When tested in the 
black lipid bi layer assay, rTromp2 isolated from 
E. coli outer membranes showed only occasional 
channel formation. The total number of porin 
insertional events was extremely low when com- 
pared with the amount of rT romp2 tested. This is 
i n contrast to both native and recombi nant T rompl 
where numerous insertional porin events were 
readily observed. Thus, whether Tromp2 truly has 
porin function is not clear at this time. 

Asfor rTrompl, a question regarding the outer 
membrane localization of rTromp2 was the 
existence of surface exposed antigenic sites. The 
use of whole mount immunoelectron microscopy 
demonstrated the surface bi ndi ng of i mmune rabbit 
serum anti body on E.coli express! ng rTromp2 (46). 
By comparison, anti body raised agai nst a denatured 
form of rTromp2, which by immunoblot analysis 
was found to be more sensitive in detecting 
rT romp2 than i mmune rabbit serum, did not show 
surface binding on E.coli express! ngrTromp2. This 
finding is again similar to that described above for 
rTrompl and again suggests that the bound 
I mmune rabbit serum anti bodies recognize confor- 
mational-surface epitopes on rT romp2, a possibility 
which may extend to nativeTromp2 on T. pallidum. 

T. Pallidum Rare Outer Membrane 
Protein 3 (Tromp3) 

Of the three outer membrane protein species 
identified (28-, 31-, and 65-kDa), the65-kDa protein, 
tentatively termed Tromp3, is present in the least 
amount on the basis of 2-dimensional SDS-PAGE 
gold-stained immunoblots of purified outer mem- 
brane (23). I n addition, the presence of the65-kDa 
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protein from one outer membrane preparation to 
thenext has been inconsistent, suggesting that this 
protein may be differentially expressed. The 
extremely smal I amount of T romp3 has at this ti me 
precluded amino acid sequencing and, therefore, 
the cloning of the gene that encodes this protein. 

The Potential Role of TROMPs in 
Acquired Immunity Against Syphilis 

Freeze-fracture electron microscopy has 
demonstrated the ability of serum from immune 
syphi I itic rabbits to aggregateTROM Ps (20). These 
studies have been extended by using serum from 
i nfected rabbits with varyi ng degrees of chal lenge 
immunity and have shown that TROMP aggre- 
gation correlates directly with the development 
of challenge immunity (Lewinski et al., unpub. obs., 
1994). These findings are in accord with past 
studies that have demonstrated a significant to 
complete level of protection of animal s after passive 
immunization with serum from immune donors 
(47). I n a recent study, we have used the small 
amount of attainableT. pallidum outer membrane 
to immunize mice. We have found that serum from 
the immunized mice possesses complement- 
dependent treponemicidal activity (100% ki 1 1 i ng of 
T. pallidum) that is 30 times greater than that of 
serum from immune syphilitic rabbits (Blanco et 
al., unpub. obs.). I mmunoblot analysis using this 
serum has shown that only the outer membrane 
associated proteins are detected. We have also 
found that absorption of this serum to remove 
anti bodies to theT. pal I idum I i poprotei ns does not 
diminish thetiter of the 100% killing activity. Such 
levels of serum treponemicidal activity have 
heretofore never been generated by immunization 
of mice or rabbits with either native or recom- 
binant T. pallidum antigens. These observations 
are consistent with the idea that TROMPs 
represent the key surface exposed targets for 
treponemicidal anti body and perhaps a protective 
host immune response. 

Our recent ability to express in sufficient 
amounts recombinant Trompl and Tromp2 pro- 
vides an opportunity to address di rectly the abi I ity 
of these T. pallidum outer membrane protei ns to 
elicit protective immunity in experimental 
animals. However, the correct outer membrane 
conformation of the recombinant TROMPs may 
provea key factor in whether protective immunity 
results, as isthecasefor several bacterial porins. 


We hopethat TROMP immunization will generate 
a humoral and/or cellular response capable of 
efficiently killing T. pallidum and provide a sig- 
nificant level of acquired resistance. 
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Burdened by Their Notoriety 
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"Sit down beforefact as a iittiechiid, be prepared togiveupe/ery 
preconceived notion, foiiow humbiy where/er and towhate/er 
abysses natureieads, or you shaii iearn nothing." 

Thomas Henry Huxley 


Mycoplasmas are most unusual self-repllcating bacteria, possessing very small 
genomes, lacking cell wall components, requiring cholesterol for membrane function 
and growth, using UGA codon for tryptophan, passing through “bacterial-retaining” 
filters, and displaying genetic economy that requires a strict dependence on the host for 
nutrients and refuge, in addition, many of the mycoplasmas pathogenic for humans and 
animals possess extraordinary specialized tip organelles that mediate their Intimate 
Interaction with eucaryotic cells. This host-adapted survival Is achieved through surface 
parasitism of target cells, acquisition of essential biosynthetic precursors, and In some 
cases, subsequent entry and survival Intracellularly. Misconceptions concerning the role 
of mycoplasmas In disease pathogenesis can be directly attributed to their biological 
subtleties and to fundamental deficits In understanding their virulence capabilities. In 
this review, we highlight the biology and pathogenesis of these procaryotes and provide 
new evidence that may lead to increased appreciation of their role as human pathogens. 


No other group of procaryotes has been so 
embroiled in controversy and in establishing a 
cl ear pathogeni c ni che as the mycopi asmas. Thei r 
virulence determinants are undeniably complex, 
andtheir uniquebiological properties likely chal- 
lenge the host differently from typical bacterial 
pathogens (1,2). Also, numerous Mycoplasma 
species appear to comprise the commensal micro- 
bi al flora of healthy persons (3), and theassociation 
of these mycoplasmas with disease complicates 
the diagnosis and necessitates extensive and 
highly specific serologic, nucleic acid, and epide- 
miologic data. Nonetheless, mycoplasmas by 
themselves can cause acute and chronic diseases 
at multiplesiteswith wide-ranging complications 
and have been i mpl icated as cofactors i n disease. 
Recently, mycoplasmas have been linked as a 
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cofactor to Al DS pathogenesis and to malignant 
transformation, chromosomal aberrations, the 
Gulf War Syndrome, and other unexplained and 
complex illnesses, including chronic fatigue syn- 
drome, Crohn's disease, and various arthritides 
(4-8). Even with mounting evidence of their 
pervasiveandpathogenicpotential, mycoplasmas 
still evoke the image of a group of obscure or 
impotent microorganisms. Yet they are evolu- 
tionarily advanced procaryotes (9-11), and their 
elite status as "next generation" bacterial patho- 
gens necessitates new paradigms in fully under- 
standing their disease potential. 

Mycoplasmas, which lack cell walls but 
possess distinctive sterol -containing plasma mem- 
branes, aretaxonomically separated from other 
bacteria and belong to the class Mollicutes 
(mollis, soft; cutis, skin). Mollicutes, a term that 
i ncl udes thecel I wal l-l ess procaryotes assigned to 
numerous genera under the cl ass Mollicutes and 
is frequently used interchangeably with myco- 
plasmas, are unusual for other biological reasons 
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as wel I . They areevol utionary descendants of the 
low G+C containing gram-positive bacteria and, 
through chromosome reduction, represent the 
smallest self-replicating life forms. Their stream- 
lined genome size, which illustrates extreme bio- 
logical geneeconomy, imposes complexnutritional 
requirements, such asdependenceon external sup- 
pi i es of bi osynt heti c precu rsors, i ncl udi ng ami no 
acids, nucleotides, fatty acids, and sterols. This 
I i mi ted codi ng capacity dictates for mycopi asmas 
a parasiticwayof lifethatfew pathogenic micro- 
organisms can claim. Therefore, the view that 
pathogenic mycopi asmas can grow "i ndependently" 
requires an appreciation of their fastidious 
nature and their intimate dependence upon the 
host. Because of these properties, pathogenic 
mycopi asmas are among the most difficult micro- 
organisms to grow from clinical specimens and 
remain frequent contaminants of primary and 
continuous eucaryotic cell lines and tissue cul- 
tures (12). In some instances, mycoplasma con- 
tamination is obvious since infected eucaryotic 
cells exhibit aberrant growth, metabolism, and 
morphology. H owever, mycopi asmas often estab- 
lish covert and chronic infections of target cells 
that lead to either invalid and misleading data or 
introduction of mycopi asmas or their products into 
reagents dedicate to therapeutic or research pur- 
poses. The recent emphasis on isolating viral agents, 
such ashuman immunodeficiency virus (HI V)-l, 
from human primary lymphocytic cells has also 
demonstrated the frequent cocultivation of myco- 
plasmas of human origin. Often, the unwanted 
sources of exogenous mycoplasmas are serum 
products and filter- "sterilized" (450 nm) solutions; 
cross-contamination by already infected cell cul- 
tures, viral stocks, or immunologic preparations; 
breaks in technique, including aerosols from the 
respiratory tract or by mouth pipetting; ignorance 
of the mycoplasma problem; or sdentificindifference 
Detailed up-to-date reviews describing the 
biological and pathogenic properties of myco- 
plasmas have been published (1,2,13,14). Our 
intention here is to provide a concise historical 
perspect i ve of t he rol e of mycopi asmas i n h u ma n 
disease; highlight the discoveries of new Myco- 
plasma speciesandtheir association with human 
illnessand host conditions that present problems 
in detection and treatment; describe selected 
biological properties of mycoplasmas consistent 
with their intimate host relationship and pos- 
sible mechanisms of pathogenicity; and address 
recent controversi es associ ated with mycopi asmas 


as emergi ng i nfectious agents. Renewed attention 
to these issues may provide the impetus to 
demystify mycopi asmas and i mprovethei r standi ng 
as genuine, card-carrying pathogens. 

Historical Perspectives 

The earliest reports of mycoplasmas as infec- 
tious agents in humans appeared in the 1930s 
and 1940s. At that time, primary atypical 
pneumonia was associ ated with an infectious agent 
that because of its minute size and innate bio- 
logical properties unknown at that time, passed 
through bacteri a-retai n i ngfi Iters, resi sted pen i ci 1 1 i n 
and sulfonamidetherapies, and adapted to growth 
in embryonated eggs and tissue culture cells. 
Correlations between the etiologic agent of 
"walking pneumonia" with viruses, L-forms, and 
pi europneumonialikeagents (referred toasPPLOs 
in publications and textbooks of that era) were 
frequent and often misleading. Finally, definitive 
studies in theearly 1960s established Mycoplasma 
pneumoniae as the singular cause of cold agglu- 
tinin-associated primary atypical pneumonia (2). 
Today M . pneumoniaeremai ns an i mportant cause 
of pneumonia and other airway disorders, such as 
tracheobronchitis and pharyngitis (13,14), and is 
associated with extrapul monary manifestations, 
such as hematopoietic, exanthematic, joint, cen- 
tral nervous system, liver, pancreas, and 
cardiovascular syndromes (15). 

Theconfusion associated with M . pneumoniae- 
mediated infections has recurred many times 
with other mycoplasmas, whose detection in clini- 
cal specimens through culture, antibody, or 
DNA-based testing is frequently dismiss^ as 
"only mycopi asmas" even when they appear to be 
the primary pathogens. Two mycoplasmas com- 
monly found in the urogenital tracts of healthy 
persons are Mycoplasma hominisand Urea plasma 
urealyticum. However, over theyears, the patho- 
genic roles of these mycopi asmas have been proven 
in adult urogenital tract diseases, neonatal res- 
piratory infections, and a range of other diseases 
usually in immunocompromised patients (2). 

Several recent examples illustrate the 
i ncreasi ng i mpact of M ycopi asma species on emer- 
gi ng diseases. Mycoplasma fermentans strains 
werefirst isolated from the lower genital tract of 
both adult men and women in theearly 1950s, 
but their role in classic lower genital tract disease 
has not been established (16). Reports in the 1970s 
of M. fermentans in the joints of rheumatoid 
arthritis patients and in the bone marrow of 
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children with leukemia raised expectations for its 
pathogenic potential (17,18); thesefindings have 
not been adequately confirmed. Sufficient evi- 
dence, however, has accumulated recentlytoestab- 
lish an important and emerging role for M. 
fermentans in human respiratory and joint diseases. 
For example, M . fermentans has been detected by 
specific gene amplification techniques such as 
polymerase chain reaction (PCR) in the synovial 
fluid of patients with inflammatory arthritis, but 
not inthejoints of patients with juvenile or reac- 
tive arthritis (19). In two other studies using 
PCR, M . fermentans was identified in the upper 
respiratory tract of 20% to 44% of both healthy 
and HIV-infected patients (20,21) and was asso- 
ciated with acute respiratory distress syndrome 
in non immunocompromised persons (22). 

Mycoplasma genitalium was detected in the 
urogenital tract of two patients with non- 
gonococcal urethritis in 1981 (23), but for more 
than a decade, very little was known about its host 
distribution and pathogenicity. Early experi- 
mental studies established that the organism 
caused lower genital tract infections in both male 
andfemalechimpanzees, with extensive urethral 
colonization in males and apparent tissue inva- 
sion, eventually leading to overt bacteremia (24). 
However, the fastidious growth requirements of 
M . genitalium from human hosts severely limited 
further study until the advent of molecular 
detection techniques. Specific sequences in the 
140 kDa adhesin protein gene of M. genitalium 
were selected as targets i n a PCR-based detection 
assay (25,26). Subsequent application of these 
techniques in cases of acute nongonococcal 
urethritis, not including those of patients colo- 
nized or infected with Chlamydia trachomatis, 
has provided mounting evidence for the involve- 
ment of M. genitalium as an etiologic agent of 
this disease (27-29). Also, M. genitalium has been 
suspected in chronic nongonococcal urethritis and 
pelvic inflammatory disease (30). 

The discovery in 1988 of M. genitalium 
strai ns i n human nasopharyngeal throat sped mens, 
wherethey werefrequently mixed with strai ns of 
M. pneumoniae, not only changed dramatically 
the concept of host distribution of M . genitalium 
but also prompted critical questions about the 
role of this mycoplasma in human respiratory 
disease (31). However, the immunologic cross- 
reactivity between M. genitalium and M. pneu- 
moniae and the inability of most conventional 
di agnosti c serol ogi c tests to conci usi vely i dent ify 


M . genital iumhavecomplicated its delineation in 
acute human respiratory disease. PCR assays 
specific for the organism have detected M . genita- 
lium in throat specimens of patients infected 
with HIV-1 (32). However, these probes have not 
been applied to control groups and patients in 
outbreaks of acute respi ratory di sease and/or pneu- 
monia to determine whether M. genitalium alone 
is an etiologic agent in respiratory infections. 

M. genitalium has been implicated as an 
etiologic agent in certain human joint diseases. 
This clinical correlation began with the obser- 
vation of a mixed infection of M. pneumoniaeand 
M. genitalium in synovial fluid specimens of a 
nonimmunocompromised patient after an acute 
respiratory infection (33). A predominant rolewas 
not established for either Mycoplasma species in 
the initial respiratory disease or in the joint 
manifestations, although evidence to implicate 
postinfectious autoimmunity to both organisms 
was described. These findings prompted a PCR 
assay on synovial fluids from patients with 
various arthritic syndromes, which presented 
case reports on two of 13 patients with M. 
genitalium detected in joint fluids (34). 

Another area of emerging mycoplasmal 
infections concerns immunodeficiency. Although 
patients with congenital or acquired disorders of 
antibody production are susceptible to a wide 
var i ety of mi crobi al i nfecti ons, the uniquesuscep- 
tibility of such patients to mycoplasmal infections 
is a growing concern, especially considering the 
number of occurrences, thetypesof mycoplasmas 
involved, and the difficulties posed in the thera- 
peutic management of such infections. I n addition, 
the increased use of prolonged or permanent 
immunosuppressive chemotherapy required for 
patients undergoing tissue or organ transplan- 
tation or treatment of various malignant diseases 
has also increased the risk for mycoplasmal 
infections— from mycoplasmas that are part of 
the normal human mollicute flora to those 
acquired through animal contact. 

The association between immunodeficiency 
and mycoplasmal infections was first reported in 
the mid 1970sin patientswith pri mary hypogam- 
maglobulinemia and infection with U. urealyticum, 
M. pneumoniae. Mycoplasma sal ivarium, and M. 
hominis that localized in joint tissue, frequently 
withdestructivearthritis. Similar joint infections 
in hypogammaglobulinemic patients with these 
mycop I asma I speci es cont i n u e to be reported (35 ) . 
Since most of these moll i cutes, with the possible 
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exception of M. pneumoniae occur as part of the 
normal human flora, the origin of such joint 
infections is considered endogenous. Patients 
with hypogammaglobul i nemi a and other anti body 
deficiencies are also especially susceptible to 
mycoplasmal infections of the upper respiratory 
and urinary tracts caused most frequently by M . 
pneumoniaeor U. urealyticum, respectively (36). 

Mycoplasmal infections following organ trans- 
plantation and immunosuppressivechemotherapy 
were observed in the early 1980s, with both M. 
hominis and U. urealyticum reported most often 
(37-39). Although these infections most likely origi- 
nated from the patient's normal microbial flora, a 
recent report of donor transmission of M. hominis 
to two lung allograft recipients (40) suggests that 
donor tissue may be a more important factor in 
transplant infections than currently recognized. 

Whi le patients with anti body defects or those 
receivi ng i mmunosuppressivedrugs appear to be 
the most suscepti bl eto i nfect i ons with mycopi asmas 
present in healthy tissues, emerging evidence 
indicatesthat contact with other mycopi asmas in 
the environment is an important hazard. For 
exampi e, thedi rect i sol at i on of a fel i ne mycopi asma 
(M. fdis) from the joint of a hypogamma- 
globulinemic patient with septic arthritis was 
recently reported (41), with suspected transmis- 
sion occurring through a cat bite6 months before 
the onset of arthritis. Other examples include 
fatal septicemia caused by M.arginini, a common 
animal mycoplasma, from blood and multiple tis- 
sue sites in a slaughter house employee who had 
advanced non-H odgki n's lymphoma and hypogam- 
maglobulinemia (42), and a septicemic infection 
withacanine mycopi asma (M . edwardi i ) i n a pati ent 
with advanced Al DS (M.K. York, pers. comm.). 

One of the most critical aspects of myco- 
plasmal infections in immu nodeficient patients 
isthefrequent inability to control such infections 
with appropriate broad spectrum antibiotics. 
Although the tetracyclines and erythromycins 
are effective chemotherapeutic agents for many 
mycoplasmal infections, M. fermentans and M. 
hominis strains are usually resistant to 
erythromycin, and tetracycline-resistant strains 
of M. hominis andU. urealyticum have been 
reported from the lower urogenital tract of 
patients. However, these antibiotics and most 
other broad spectrum agents have limited 
mycoplasmacidal activity in vivo, and their 
efficacy eventually depends on an intact host 
immune system to eliminate the mycopi asmas. 


Most hypogammaglobulinemic patients lack the 
ability to mount a strong antibody response. 
Guidelines for managing such mycoplasmal 
infections in patients with immune defects 
should include immediate in vitro testing of the 
isolated mol I i cute against a wide range of anti- 
biotics; expeditiousadministrationoftheanti biotic 
by the most appropriate route (intravenously, if 
warranted); prolonged therapy terminated only if 
there is no rapid clinical or microbiological 
response; and possibly administration of intra- 
venous immunoglobulin (35,36). Clinical manage- 
ment of mycoplasmal infections in transplant 
patients is more difficult since immunoglobulins 
may enhance graft or organ rejection. In the 
absenceof suitable mycoplasmacidal chemothera- 
peutic agents, vigorous and sustained 
chemotherapy with the most active antibiotic is 
the current method of choice. 

Mechanisms of Pathogenicity 

Many mycoplasmal pathogens exhibit 
filamentous or flask-shaped appearances and 
display prominent and specialized polar tip 
organelles that mediate attachment to host 
target cells (43,44). These tip structures are 
complex, composed of a network of interactive 
proteins, designated adhesins, and adherence- 
accessory proteins (Figure 1, [14,43]). These 
proteins cooperate structurally and functionally 
to mobilize and concentrate adhesins at the tip 
and permit mycoplasmal colonization of mucous 
membranes and eucaryoticcel I surfaces, probably 
through host sialoglycoconjugates and sulfated 
glycol i pi ds (Figure 2, [14,43,45]). It appears that 
mycoplasmal cytadherence-related proteins 
represent a superfamily of genes and proteins 
that have been conserved through horizontal 
genetransferfroman ancestral genefamily.This 
protein network resembles a specialized cyto- 
skeleton I ike apparatus, which may representthe 
precursor to mammalian cytoskeletal and 
extracellular matrixlike complexes (14). Other 
Mycoplasma species lack distinct tip structures 
yet are capable of cytadherence, and they may 
use related genes or proteins or alternative 
mechanisms of surface parasitism. 

Thefamily of mycoplasmal genes and proteins 
involved in cytadherence has been studied most 
extensively in M. pneumoniae (14,43,46-48). 
Noncytadhering phenotypes that arise through 
spontaneous mutation at high frequency have 
been categorized i nto mutant classes on the basis 
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Figure 1 . Transmission electron photomicrographs of the specialized tip organelle of cytadherence-positive M. pneumoniae demon- 
strating a) truncated structure with nap, b) clustering of cytadherence-related proteins (PI , B, C, P30) at the tip based on immunolabeling 
with ferritin and colloidal gold and crosslinking studies, and c) Triton X- 100-resistant, cytoskeleton-like, structure with distinct bleb 
and parallel filaments (14,43,45,46). 



Figure 2. Transmission electron 
photomicrograph of a hamster 
tBdiearingiiiBdBdwlh M. 
pneumoniae (43). Note the 
orientation of the mycoplasmas 
through their specialized tiplike 
organelle, which permits close 
association with the respiratory 
epithelium. M, mycoplasma; m, 
microvillus; C, cilia. 
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of distinct protein profiles. These noncytadhering 
mycoplasmas cannot synthesize specific cytad- 
herence-related proteins or areunabletostabilize 
them at thetip organelle, which leads to abnormal 
anatomical tip structures and avirulence (43). 
Spontaneous reversion tothecytadheri ng pheno- 
type is accompanied by the reappearance of the 
implicated proteins, restoration of structurally 
and functionally intact tips, and return of full 
infectivity (43). Similar cytadherence-related 
genes and proteins have been reported for M. 
genital ium on the basis of biochemical, immuno- 
logic, and gen eticanalyses (25, 49,50). F urthermore, 
striking similarities exist in theorder of operons 
that comprise the cytadherence-related genes and 
theorganization of these genes within each operon 
of M . pneumoniae and M. genital ium (14,50,51). 
These similarities reinforce the unexpected coiso- 
lations of M. genitalium, along with M. pneu- 
moniae from the nasopharyngeal throat swabs of 
patients with acute respiratory diseases and 
from synovial fluids of patients with arthritis as 
described in the previous section (31,33). The 
isolation of M. pneumoniae from the human 
urogenital tract (52) further suggests that these 
mycoplasmas have evolved parasitic strategies 
that include overlapping tissue tropisms as 
determined by the genetic and chemical related- 
ness of their cytadherence genes and proteins 
(14,25,43,50,51). The recent use of transposon 
mutagenesis to generate M. pneumoniae and M. 
genital iumtransformantsdisplayingcytadherence- 
deficient phenotypes should further clarify the 
relationships between the cytadherence-related 
genes and proteins and identify additional sites 
previously uni i nked to cytadherence (46,53). 

An interesting feature of specific M. 
pneumoniae and M . genitalium adhesins is their 
multiple gene copy nature (14,43,54,55,56). 
Although onlyonefull-length copy oftheadhesin 
structural genes exists in adhesin-related 
operons, precise regions of these adhesin genes 
aredetected assinglegenomiccopies, whileother 
regions occur as closely homologous, but not 
identical, multiple copies. In other words, 
multiple truncated and sequence-related copies 
of the adhesin genes are dispersed throughout 
the genome, which could generate adhesin 
variation through homologous recombination. 
Consistent with this possi bil ity istheexistenceof 
restriction fragment length polymorphisms in 
the adhesin genes of human clinical isolates of 
M. pneumoniaeand M. genitalium, reflected by 


sequencedivergencein the multi pie-copy regions 
of the adhesin genes (56-59). It appears that a 
repertoi reof part i al adhesi n-rel ated gene regi ons 
serves as a reservoir to regulate the structural 
and functional properties of mycoplasmal 
adhesins through recombination events, which 
may lead to circumvention of the host immune 
response. Mechanisms of phase and antigenic 
variation arelikelytooccur in which mycoplasmal 
adhesi ns exhi bit altered specificities and affi nities, 
as determined by the organization of constant 
and variable adhesin gene sequences. Therefore, 
despite their small genomes, pathogenic myco- 
pl asmas fad I itate DN A rearrangements through 
repetitive gene sequences, thus promoting 
genetic diversity and maximizing the coding 
potential oftheir limited genomes. The immuno- 
dominant epitopes of the mycoplasmal adhesins 
appear not to be identical to the adherence- 
mediating domains (13). The latter are in part 
encoded by single copy regions of the adhesin 
genes and are highly conserved, which reinforces 
their essential rolein mycoplasmal recognition of 
host cell receptors and colonization (60,61). Host 
i mmunoresponsi veness di rected at the noncytad- 
herence-mediating variable regions is unlikely to 
gen erateeffectivecytadherence-blockinganti bodies, 
which may in part clarify the observed high 
reinfection rates of patients. Thus, the grouping 
of clinical isolates of M. pneumoniae into two 
categories, on the basis of sequencedivergencein 
themultiple-copyregionsoftheadhesingene(56- 
59), along with the immune status of the 
population, may explain theepidemiologicpatterns 
of M . pneumoniae reported over the years. 

Another characteristic of the cytadherence- 
related proteins is their proline-rich composition, 
which markedly influences protein folding and 
binding. Several reports have established the 
importance of these proline-rich domains in myco- 
plasmal cytadherenceandvirulence(47,48,62,63), 
and recent evidence further suggests that myco- 
plasmal peptidyl-prolyl isomerases, i.e., cyclo- 
philins, arecritical in regulatingtheconformation 
and function of the mycoplasmal cytadherence- 
related tip organelle, colony morphology, and 
growth (14,64). In addition to this proline-rich 
property, oneof the most unusual features of the 
adhesins istheir extensive sequence homology to 
mammalian structural proteins (1,14,33,43,47,48). 
This molecular mimicry is especially interesting 
since it has been suggested for decades that 
mycoplasmas provoke an anti-self response that 


Emerging Infectious Diseases 


26 


Vol. 3, No. 1 — January-March 1997 



Synopses 


triggers immune disorders, although the basis 
for the induction has been elusive (65). Patients 
with documented M. pneumoniae respiratory 
i nfections demonstrate seroconversion to myosi n, 
keratin, andfi brinogen (33)and exhibit extrapul- 
monary manifestations, such as exanthems and 
cardiac abnormalities. Furthermore, a classic 
example of bacteria-mediated autoimmune dis- 
orders is the development of acute rheumatic 
fever following streptococcal infection (66). Anti- 
streptococcal anti bodies reactive against a-helical 
coiled-coil regions of the M protein cross-react 
with heart myosin, tropomyosin, and mycoplasmal 
adhesins (14,66). I n the latter case, these myco- 
plasmal adhesins exhibit amino acid sequence 
homologies with human CD4 and class 1 1 major 
histocompati bi I ity complex lymphocyte protei ns, 
which could generate autoreactive antibodies 
and trigger cell killing and immunosuppression 
(67,68). Also, mycoplasmas may serve as B-cell 
and T-cell mitogens and induce autoimmune 
disease through the activation of anti-selfT cells 
or polyclonal B cells. The multiorgan protean 
manifestations of mycoplasmal infections in 
humans are consistent with the pathogenesis of 
autoimmunity. F urthermore, the ability of myco- 
plasmas to induce a broad range of immuno- 
regu I atory events, medi ated by cytoki neproduction 
and di rect effects on macrophages, B andT cells, 
and glial cells, is evidence that mycoplasmas 
possess the attributes of primary mediators of 
pathogenesis (1,2,12,69). For example, cytokine 
production and lymphocyteactivation may either 
minimize disease through the activation of host 
defense mechanisms or exacerbatediseasethrough 
lesion development (69,70). Also, a superantigen 
derived from Mycoplasma arthritidis, a myco- 
plasma pathogenicfor rodents, induces arthritis 
and chronic disease manifestations (69). It has 
been suggested that related superantigen-like 
molecules may exist in mycoplasmas of human 
origin triggering autoimmune and other 
inflammatory pathologies. 

It appears that cytadherence is the initial 
step in the virulence process of pathogenic 
mycoplasmas (Figure2) and precedes a spectrum 
of subtle or overt host cell responses. I n specific 
instances, distinct cytopathology correlates with 
theinfecting Mycoplasma species, thenumber of 
adherent mycoplasmas, thelength of coincubation, 
theinduction of proinflammatory cytokines, and 
the age and immune status of the patient. For 


example, the exacerbation of clinical syndromes 
may correlate with a history of mycoplasmal 
infection as observed in patients with recurrent 
M. pneumoniae exposures (2,13). Also, the 
elevated expression of proi nfl ammatory cytoki nes 
associated with mycoplasmal disease patho- 
genesis may coincide with the intensity of the 
symptoms. In other cases, chronic disease or no 
obvious signs or symptoms of disease accompany 
mycoplasmal infection. 

Other biological properties of mycoplasmas 
have been implicated as virulence determinants 
and include 1) generation of hydrogen peroxide 
and superoxide radicals by adhering myco- 
plasmas, which induces oxidativestress, including 
host cell membrane damage; 2) competition for 
and depletion of nutrients or biosynthetic 
precursors by mycoplasmas, which disrupts host 
cell maintenance and function; 3) existence of 
capsule-1 ike material and electron-dense surface 
layers or structures, which provides increased 
i ntegrity to the mycopi asma surface and confers 
immunoregulatory activities; 4) high-frequency 
phase and antigenic variation, which results in 
surface diversity and possible avoidance of 
protective host immune defenses; 5) secretion or 
introduction of mycoplasmal enzymes, such as 
phospholipases, ATPases, hemolysins, proteases, 
and nucleases into the host cell milieu, which 
leads to localized tissue disruption and 
disorganization and chromosomal aberrations; 
and 6) intracellular residence, which sequesters 
mycoplasmas, establishes latent or chronic states, 
and circumvents mycoplasmicidal immunemecha- 
nisms and selective drug therapies (1,2,71,72). 
Whether pathogenic mycoplasmas enter and 
survive within mammalian cells has been 
debated for many years. Consistent with this 
possibility, mycoplasmas exhibit limited biosyn- 
thetic capabilities; are highly fastidious and 
dependent upon the host microenvironment and 
complex culture medium for growth; have been 
observed in intimate contact with mammalian 
cell surfaces and within target cells; may be 
capableof initiating fusion with host cells through 
their cholesterol-containing unit membranes; 
and survive long-term recommended anti- 
microbial treatment in humans and tissue 
cultures. Recent sightings of intact mycoplasmas 
throughout the cytoplasm and the perinuclear 
regions of tissue celisfrom infected patients and 
in cell cultures, along with evidence that 
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mycoplasmas are capable of long-term intra- 
cellular survival and replication in vitro, offer an 
additional dimension tothe pathogenic potential 
of mycoplasmas (4,14,72,73). 

The Latest Controversies: Food for 
Thought or the Twilight Zone 

On the basis of the above information, the 
virulence strategies displayed by mycoplasmas 
are likely the summation of a multitude of bio- 
logical activities (1). Since no obvious single or 
group of mycoplasmal properties inextricably 
correlates with disease manifestations, the proof 
that mycoplasmas are card-carrying pathogens 
necessitates thorough and highly specific micro- 
biological, epidemiologic, anddiagnosticcriteria; 
detaileddescriptionsof biochemical, genetic, and 
immunologic characteristics that distinguish 
virulent and avirulent mycoplasmas; and repro- 
ducibility of the symptoms of disease in experi- 
mental animal modelsor in the natural spread of 
infection among susceptible populations. The 
portfolio of available evidence concerning myco- 
plasma-mediated disease pathogenesis is limited. 
T hese sci ent i f i c shortcomi ngs preci pi tate mi scon- 
ceptions concerning mycoplasmas as singular 
agents of infectious diseases, as putative cofactors 
in the progression of other diseases, and as 
universal contaminants of cell cultures. Clearly, 
multi pie pathways of interaction with target cells 
appears to be the modus operand! of the Myco- 
plasma species. With this conceptual scientific 
framework as a background, fiverecently proposed 
and controversi al associ at i ons of mycopi asmas to 
human diseases are worth noting. 

AIDS 

The roleof mycoplasmas in accelerating the 
progression of AIDS could not have begun under 
more baffling and circuitous conditions. A 
vi rusi i keagent that arosethrough transfection of 
NIH 3T3 cells with DNA from Kaposi sarcoma 
tissues of Al DS patients was later shown to be 
M. fermaitans The spotted history of M.fe'mentans 
in rheumatoid arthritis and leukemia and its 
frequent contami nation of cell cultures, along with 
its contemporary link to AIDS, have been 
considerable impedi ments to overcome i n its ele- 
vation to pathogenic status. However, careful and 
convincing independent studies by several labora- 
tories have implicated M. fermentans as a cause 
of systemic infections and organ failure in Al DS 
patients (4,74). The isolation of M. fermentans 


from blood and urine samples of HIV-infected 
persons, its detection by PCR and immuno- 
histochemistry in multipletissue sites at various 
stages of Al DS, and its ability to stimulate CD4-I- 
lymphocytes and other immunomodulatory 
activities implicatethis Mycoplasma species as a 
cofactor in Al DS. Consistent with this possi bility, 
M. fermentans has been shown to act syner- 
gistically with HIV to enhance cytopathic effects 
on human CD4-I- lymphocytes. Coincident with 
these studies, a new Mycoplasma species. 
Mycoplasma penetrans, also has emerged as a 
potential cofactor in AIDS progression (75,76). 
Its isolation almost exclusively from the urine of 
HIV-infected patients, the extraordinarily high 
prevalenceof anti bodies agai nst this mycoplasma 
in HIV-infected patients and not in HIV- 
seronegative persons, and its capacity to invade 
target cells and activate the immune system of 
H I V-infected patients at various stages of disease 
correlatewith a synergistic role with HIV. Other 
mycoplasmas, including M. genital ium and 
Mycoplasma pirum, havealsobeen isolated from 
AIDS patients and implicated as potential 
cofactors. However, the proposed role of myco- 
plasmas as infectious agents and cofactors in 
A I DS-related disorders still remains a hypothesis 
without definitive proof. If cofactors of HIV are 
essential to the development of late stages of 
HIV-mediated disease, mycoplasmas possess all 
the prerequisite properties of the consummate 
helper. Their ability to establish covert or overt 
chronicand persistent infectionswith concomitant 
activation of the immune system, stimulation of 
cytokine production, and induction of oxidative 
stress correlate with increased HIV replication 
and disease progression. Are mycoplasmas 
irrelevant to AIDS, or are the clinical and 
microbiological correlations sufficient to imply 
intimate relationships between HIV and 
mycoplasmas, especially as the infected host 
undergoes immunologicdistress? 

Malignant Transformation 

As early as the mid-1960s, mycoplasma- 
infected cell lines were associated with chromo- 
somal aberrations, altered morphologies, and cel I 
transformation (77,78). Theseabnormal oncogenic 
cell traits continued even after the apparent 
elimination of mycoplasmas, and evidence implied 
increased tumorigenicity of these transformed 
cells in animals. This issue has been revisited in 
studies demonstrating that long-term, persistent 
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mycoplasmal infection of mouse embryo cells 
initiated a multistage cellular process that 
resulted in irreversible cell transformation, 
karyotypicalterations, andtumorigenicity in nude 
mice (6). Do these oncogenic events associated 
with mycoplasma-mammalian cell coincubation 
relate to the ontogeny of human cancers? 

Gulf War Syndrome 

One of the most controversial current 
medical issues is whether the multi pie acute and 
chronic symptoms found in veterans of the 
Persian Gulf War were caused by chemical 
exposure, infectious agents, or psychological 
problems, or whether a Gulf War Syndrome 
exists at all. The clinical illness comprises a 
collection of symptoms, includingchronicfatigue, 
joi nt pai n, headaches, and ski n rashes. Onestudy 
suggests that pathogenic mycoplasmas are 
responsible for a large number of cases among 
veterans, on the basis of DN A hybridization and 
the responsiveness of veterans to prolonged 
antibiotictreatment (5). Even though theexperi- 
mental evidence is sparse and incomplete and 
well -control led and detailed studies by 
independent laboratories are needed, if the Gulf 
War Syndrome has infectious causes, 
mycoplasmas with their requisite biological 
credentials are potential candidates. 

Crohn’s Disease 

Several epidemiologic studies correlate 
respiratory infections with exacerbation of 
Crohn's disease and other chronic inflammatory 
bowel diseases (7,79). Acuteonset gastroi ntesti nal 
symptoms in patients with these diseases are 
accompanied by seroconversion to specific viral 
or M. pneumoniaeantigens. As indicated earlier, 
mycoplasmas can elicit pleiotropic immune 
responses and are difficult to eliminate in 
patients despiteappropriateantibiotictreatment. 
Steroid therapy to control gastrointestinal 
symptoms in these patients, along with the 
multifaceted biological properties associated 
with pathogenic mycoplasmas, may precipitate 
the onset of acute exacerbations of chronic 
inflammatory bowel disease. 

Rheumatoid Arthritis and Other Human 
Arthritides 

The occurrence of various Mycoplasma and 
Ureaplasma species in joint tissues of patients 


with rheumatoid arthritis, sexually transmitted 
reactive arthritis, and other human arthritides 
can no longer be ignored (8). A clinical trial of 
long-term (6 to 12 months) anti biotic(doxycycline) 
therapy beforecartilage destruction might prove 
beneficial in managing such frequent and often 
debilitating infections. 


Extensive clinical and microbiological 
evidence indicates that mycoplasmas alone can 
elicit a spectrum of illness for which no other 
agents arei ncri mi nated. Theeradi cation of these 
pathogenic mycoplasmas from various tissue 
sites requires an intact and functional immune 
system, although persons with fully competent 
immune systems may havedifficulty eliminating 
mycoplasmas, even with recommended prolonged 
drug therapy. Nonetheless, mycoplasmas are 
still viewed as subordinates to other infectious 
agents and are relegated to a category of 
commensals that unwittingly cause disease in 
patients whose immune systems offer little 
resistance to microbial stress and overload. 

Thefundamental i mportanceof mycopi asmas 
in specific diseases of humans, animals, insects, 
and plants is irrefutable, and their unique 
biological properties are consistent with their 
inti mate association with hosttarget cel Is. These 
remarkable bacteria must continuetoreceivethe 
scientific attention of mycopi asmologists, cell 
culturists, clinicians, immunologists, and DNA 
sequencers who most recently are compiling 
extensive databases that may eventually dissect 
every approachable mycoplasmal element that 
defines their biological and genetic being. 
Nonetheless, mycoplasmas remain mysterious 
and enigmatic, and the available data and 
proposed hypotheses that cor rel ate mycopi asmas 
with disease pathogenesis range from definitive, 
provocative, and titillating to inconclusive, 
confusing, and heretical. Controversy seemsto be 
a recurrent companion of mycoplasmas, yet good 
science and open-mindedness should overcome 
the legacy that has burdened them for decades. 
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Fluoroquinolones and broad-spectrum cephalosporins are the most effective 
antimicrobial agents for the treatment of gonorrhea. However, clinically significant resis- 
tance to fluoroquinolones has emerged in Neisseria gonorrhoeae. Fluoroquinolone- 
resistant strains account for approximately 1 0% of all gonococcal strains in Hong Kong 
and the Republic of the Philippines. As many as 50% of strains from some Far Eastern 
countries exhibit decreased susceptibility (intermediate resistance) to fluoroquinolones. 
Strains with intermediate resistance and clinically significant resistance are being iso- 
lated sporadically in North America, where resistant strains have been associated with 
an outbreak and with failure of infections to respond to treatment with doses of cipro- 
floxacin and ofloxacin recommended by the Centers for Disease Control and Prevention; 
strains exhibiting decreased susceptibility to these agents are endemic in at least one 
metropolitan area. Monitoring for fluoroquinolone resistance is now critical for ensuring 
adequate treatment of infections with resistant strains and for maximizing the time during 
which fluoroquinolones may be used to treat gonorrhea. 


Gonorrhea is among the most prevalent 
sexually transmitted diseases throughout much 
of the world. The emergence of resistanceto anti- 
microbial agents in Neisseria gonorrhoeae is a 
major obstacle in the control of gonorrhea. In 
1989 and 1993, in response to the increasing 
frequency of i sol ation of penicillin-, tetracycline-, 
and spectinomycin-resistant strains of N. gonor- 
rhoeae in the United States, the Centers for 
Disease Control and Prevention (GDC) recom- 
mended the use of broad-spectrum cephalosporins 
or fl uoroqui nol ones for the pri mary treatment of 
uncomplicated gonorrhea (1,2). However, resis- 
tancetofl uoroqui nol ones has now emerged i n N . 
gonorrhoeae (3-8). Because ciprofloxacin and 
ofloxacin are more frequently used to treat 
gonorrhea than other fluoroquinolones, this 
synopsis will focus on these agents. 

Fluoroquinolone Therapeutic Regimens, 
Therapy Failure, and Susceptibility Tests 

In 1993, GDC recommended single-dose, 
oral therapy with ciprofloxacin (500 mg) or 
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ofloxacin (400 mg) as two of the primary 
regimens for the treatment of uncomplicated 
gonorrhea (2). Enoxacin (400 mg), lomefloxacin 
(400 mg), and norfloxacin (800 mg) were recom- 
mended among alternativeregi mens (2). I n some 
countries, gonococcal infections have been treated 
with a single, orally administered dose of 250 
mg ciprofloxacin (8). The failure of gonococcal 
infections to respond to treatment with 250 mg 
ciprofloxacin has been reported in the United 
Kingdom since 1990 (8-11). Thefailureof infec- 
tions to respond to single-dose therapy with 500 
mg ciprofloxacin or 400 mg ofloxacin has been 
reported i n theU nited Ki ngdom. Austral la, Canada, 
Hong Kong, and the United States (3-7,12). 

Different methods for determining in vitro 
antimicrobial susceptibilities of N. gonorrhoeae 
have been developed in several countries. Dif- 
ferences between these methods— the medium 
on which the susceptibilities are determined, 
the concentrations of antimiCTobial agents tested, 
the concentration of antimicrobial agents in 
disks used todeterminezone inhibition diameters, 
or the inoculum size— complicate the inter- 
pretation of susceptibility test results. For 
example, in the United Kingdom, Australia, 
and Hong Kong, susceptibilities are usually 
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determined on Isosensitest medium (Oxoid, 
Basingstoke, United Kingdom) (3,8,13-15). I nthe 
United States (where criteria for interpreting 
suscepti bi I i ties of N . gonorrhoeaeareestabi ished 
bytheNational Committeefor Clinical Laboratory 
Standards [N CCL S]) and Canada, suscepti bi I ities 
are determined on a Difcoor Becton Dickinson 
base medium (Difco Laboratories, Detroit, Ml; 
Becton Dickinson, Cockeysville, MD) (16-19). 
Anti microbi al suscepti bi I i ti es determi ned on Oxoi d 
base medium may be one concentration lower 
than those determi ned on supplemented Difcoor 
Becton Dickinson base media (15). Neither 
method is right or wrong; nor is one method 
better than the other; they are different. The 
method used in different countries is influenced 
by the commercial aval lability of the base medium. 
Thus, criteria for interpreting susceptibilities in 
the U nited States and Canada may differ si ightly 
from those used to interpret susceptibilities in 
the United Kingdom, Australia, and Hong Kong, 
reflect! ngthedifferencei n suscepti bi I ities obtai ned 
on different media. Similarly, when suscep- 
tibilities are measured on media different from 
those described above it may be necessary to 
establish "local" criteria using reference strains 
with known susceptibilities. 

Gonococcal strains associated with therapy 
failure to 250 mg ciprofloxacin have had mini- 
mum i nhi bitory concentrations (M I Cs) of >0.06 to 
0.25 pg/ml of ciprofloxacin (8,11); posttreatment 
strains from infections that failed to respond to 
treatment with 500 mg ciprofloxacin or 400 mg 
ofloxaci n havehad M I Cs>1.0 pg/ml and >2.0 pg/ml, 
respectively (4-6,12,15). 

Criteria for Interpreting 
Fluoroquinolone Resistance 

Before the emergence of fluoroquinolone 
resistancein N.gonorrhoeae N CCL S established 
interpretive criteria to differentiate between 
suscepti blestrai ns and those exhi bit! ng decreased 
susceptibility to selected fluoroquinolones inclu- 
ding ciprofloxacin, ofloxacin, lomefloxacin, and 
enoxacin (16,17). Criteria for the interpretation 
of clinically significant resistance of gonococcal 
strains to 500 mg ciprofloxacin and 400 mg 
ofloxacin have been proposed (6,18). 

Criteria for interpreting susceptibilities of 
N. gonorrhoeaeto anti microbial agents should be 
based on treatment outcome and strain suscep- 
tibility data. However, because many infections 


caused by fl uoroqui nolone-resi stant strai ns were 
treated with broad-spectrum cephalosporins and 
few observations linked fluoroquinolonetherapy 
outcomeand anti microbial suscepti bil ities (M I Cs), 
CDC proposed criteria for interpreting fl uoro- 
qui nol one resi stance i n N . gonorrhoeaethat were 
based on theoretical predictions of the MICs at 
which gonococcal infections may fail to respond to 
C DC-recommended doses of selected fluoro- 
quinolones (18). On the basis of the therapeutic 
index (calculated by dividingthepeak level ofthe 
agent in serum by the MIC of the infecting 
strain), CDC proposed criteria for interpreting 
susceptibilities to selected fluoroquinolones 
(Table) (18,20). These criteria were consistent 
with the MICs of isolates from the observed 
treatment failures to 500 mg ciprofloxacin and 
400 mg ofloxacin documented at the time of the 
study (4,5,12). Recently, Kam et al. proposed 
interpretive criteria based on thesusceptibilities 
of manystrainsthatdid not respond to treatment 
with ofloxacin in Hong Kong (Table) (6). CDC and 
Kam et al. proposed identical MICs for inter- 
preting resistanceto ciprofloxacin and ofloxacin: 
MICs of >2.0 pg/ml and >1.0 pg/ml of ofloxacin 
and ciprofloxacin, respectively. These criteria 
have also been adopted in Australia (15). 

I n the United Kingdom, where 250 mg cipro- 
floxacin has been used totreat gonorrhea, strains 
with M I Cs of 0.06 to 0.25 pg/ml have been isolated 
from infections that did not respond to treatment 
(8,11). Ciprofloxacin in a 250-mg dose produces a 
peak serum level of approximately 1.2 pg/ml; 
thus, strains with MICs of >0.25 to 0.5 pg/ml 
would produce therapeutic indices of 4.8:1 and 
2.4:1, respectively. These calculated MICs sug- 
gest that strains with MICs >0.25 pg/ml should 
be considered resistant totreatment with 250 mg 
ciprofloxacin. Criteria for interpreting suscep- 
tibilities of gonococcal strai ns to treatment with 
250 mg ciprofloxacin have been determined to 
ciprofloxacin (1 pg disks) or nalidixic acid (30 pg 
disks) (10,21). Measurement of nalidixic acid 
resistance may be useful for detecting strains 
causing infections that may not respond to treat- 
ment with 250 mg ciprofloxacin. However, because 
naladixic acid-resistance indicates decreased 
susceptibility tociprofloxacin and ofloxacin, this 
test does not differentiate between strains with 
intermedi ate resi stanceand clinically significant 
resistanceto treatment with 500 mg ciprofloxacin 
or 400 mg ofloxacin (18). 
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Table. Criteria for interpreting susceptibilities of Neisseria gonorrhoeae strains to the fluoroquinolones ciprofloxacin, 

ofloxacin, enoxacin, lomefloxacin, and norfloxacin^*’ 

Therapeutic agent, Agent Tested, Zoneinhibition Diameters'^ Equivalent Ml C"(mg/ml) Reference 
Dose Disk Content nearest whole mm 



(49) 

R 

1 

S 

R 

1 

S 


Ciprofloxacin, 250 mg 

Cip, 1 

<24 



>0.03 



8 

C i prof 1 oxaci n, 500 mg 

Cip, 5 

<29 

30-35 

>36 

>1.0 

0.13-0.5 

<0.06 

18 


Cip, 5 

<22 



>1.0 



6 

Ofloxacin, 400 mg 

Ofx, 5 

<24 

25-30 

>31 

>2.0 

0. 5-1.0 

<0.25 

18 


Ofx, 5 

<24 



>1.0 



6 

Enoxacin, 400 mg 

Enx, 10 

<31 


>32 

>1.0 

0.5 

<0.25 

18 

L omefi oxaci n, 400 mg 

Lorn, 10 

<26 

27-35 

>36 

>2.0 

0.25-1.0 

<0.125 

18 

N orf 1 oxaci n, 800 mg 

Nor, 5 

<32 

33-35 

>36 

>1.0 

0.5 

<0.25 

18 


''These criteria have not been recommended by the National Committee for Clinical Laboratory Standards (NCCLS); they are 
provided to guide interpretation of susceptibilities until the NCCLS establishes criteria. 

‘'Abbreviations: MIC, minimal inhibitory concentration (pg/ml); R, resistant; I, intermediate resistance: S, susceptible: Cip, 
ciprofloxacin: Ofx, ofoxacin; Enx, enoxacin; Lorn, lomefloxacin: Nor, norfloxacin. 

‘With the exception of norfloxacin, criteria for the susceptible categories are those designated by the NCCLS (16,17); criteria for 
the interpretation of the susceptible category for norfloxacin were proposed by CDC (18). 


Geographic Distribution, Frequency, 
and Diversity of Fiuoroquinoione- 
resistant N. gonorrhoeae 

Strains exhibiting intermediate resistance 
(MICs 0.125 to 0.5 gg/ml of ciprofloxacin; MICs 
0.5-1. 0 pg/ml of ofloxacin) have been reported 
from many geographic areas i ncl udi ng Austral i a, 
Canada, theCanary Islands, Hong Kong,J apan, 
the Republic of the Philippines, mainland Spain, 
Thailand, theUnited Kingdom, theUnited States, 
and the West Indies (4,7,9-15,21-32). Fluoro- 
quinolone resistance (MICs of >1.0 pg/ml or 
>2.0 pg/ml of ciprofloxacin or ofloxacin, respec- 
tively) has been reported most frequently from 
the Far East, Republic of the Philippines, Hong 
Kong,J apan) and less frequently from Australia, 
Canada, Spain, Thailand, United Kingdom, and 
theU nited States (3,4,6,7,9,12,15,22-32). Ofloxaci n- 
and ciprofloxacin-resistant strains had been 
isolated sporadically in Hong Kong, theRepublic 
of the Philippines, and Thailand for some years 
(22- 24). Thefrequency of fluoroquinolone-resistant 
strains has increased dramatically since the 
early 1990s. For example, in Hong Kong, fluoro- 
quinolone-resistant strains were isolated inter- 
mittently during 1990 to 1992 (13) but have 
increased dramatically from an estimated 0.5% 
in late 1992 to 10.4% in late 1994 (14). 

From 1994 to 1995, strains exhibiting 
decreased susceptibility to ciprofloxacin and 
ofloxacin accounted for approximately 36%, 54%, 
and 22%of strains in Hong Kong, theRepublicof 
the Philippines, and Thailand, respectively 
(13,14,29,31,32). During the same period, 
fluoroquinolone-resistant strains accounted for 
approximately 10%, 12%, and 1% of all strains in 


Hong Kong, theRepublicof thePhilippines, and 
Thailand, respectively (13,14,29,31,32). Strains 
with ciprofloxacin MICs of >8.0 pg/ml were first 
isolated in 1994 (10,12,29,31). 

I n other geographic areas, strains exhibiting 
intermediate resistance and resistance have 
been isolated only sporadically, although with 
increasing frequency. In Sydney, Australia, 
fluoroquinolone-resistant strains were isolated 
infrequently in 1991 to 1994, but with drama- 
tically increasing frequency in early 1995 (15). 
The pattern of isolation of fluoroquinol one- 
resistant strains in Australia, i.e., infrequent and 
sporadic isolations for a number of yearsfollowed 
by increasing frequency of isolation over a short 
period, may be anticipated in other countries 
unless the fluoroquinolone-resistant strains are 
controlled in the Far East, where they are now 
prevalent. In the CDC-sponsored Gonococcal 
IsolateSurveillanceProject in theUnited States, 
the frequency of strai ns with i ntermedi ate resis- 
tance has increased significantly from 0.3% 
(17/5,238) in 1991 to 1.3% (65/4,996) in 1994 
(p < 0.001); however, resistant strains accounted 
for only 0.04% (2/4,996) of strains i n 1994 (33,34). 

I n the U nited States, the increase in strains with 
intermediateresistanceisassociated largely, but 
not exclusively, with the persistence of such 
strains in Cleveland, Ohio. First detected in 
1992, these strains accounted for 16%to 17.5%of 
isolates in Cleveland in 1994 (26,35). I n addition, 
a sustained outbreak caused by ciprofloxacin- 
resistant strains has been reported from Seattle, 
Washington, in 1995; these strains had MICs of 
8.0 pg/ml of ciprofloxacin and ofloxacin (5). 
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Many different strains, as defined by 
penicillin/tetracycline resistance phenotype and 
auxotype/serovar (A/S) class, exhibit intermediate 
resistance and resistance to fluoroquinolones 
(4,5,15,25,26,31,32,36). Fluoroquinol oneresi stance 
has been identified frequently in strains that 
produce 15-lactamase and strai ns exhi biti ng chro- 
mosomally mediated resistanceto penicillin and 
tetracycline and less frequently in strains that 
are susceptible to penicillin and tetracycline 
(4,31,32). Fluoroquinolone resistance has not 
been documented in strains possessing the 25.2- 
megadalton TetM -containing plasmid (TRNG) 
aloneor in TRNG strai ns possessing a 15-lactamase 
plasmid (31). It should not, however, be assumed 
that these strai ns may not developfl uoroqui nolone 
resistance, but rather that resistant strains have 
not been detected at this time. Many strains, as 
defined by A/S class, are associated with fluoro- 
quinolone resistance; fluoroquinol one resistance 
is not associated with the epidemic spread of one 
or two strains (15,31,32). In Australia, strains 
exhi biti ng i ntermedi ate resistanceand resistance 
to fluoroquinol ones have belonged to 27 different 
A/S classes; strains with MICs 8.0-16.0 pg/ml of 
ciprofloxacin have belonged to 6 A/S classes (15). 

I n the Republic ofthe Philippines, strai ns belong- 
ing to 27 A/S classes exhibited decreased suscepti- 
bi I i ty to ci profi oxaci n; st rai ns bel ongi ng to 10 A/S 
cl asses had M I Cs >1.0 pg/ml of ci profi oxaci n (31). 

I n Thai I and, strai ns bel ongi ng to 13 A/S cl asses ex- 
hibited decreased susceptibility todprofloxadn (32). 

The Gonococcal Isolate Surveillance Project 
monitors the susceptibilities of N. gonorrhoeae 
isolates to fluoroquinolones in the United States 
and provides prototype reference strains for 
quality assurance of susceptibility testing of 
these agents. Information about antimicrobial 
resistance in N. gonorrhoeae in the United 
States is available on the Internet at http:// 
www.cdc.gov/nci dod/dasti r/gcdi r/gono.html . 

Mechanisms of Resistance to 
Fiuoroquinoiones 

Fluoroquinolones inhibit the replication of 
DN A; they arebel ieved to bi nd totheGyrA region 
of DNA gyrase, which is attached to DNA, and 
inhibit the enzyme from supercoiling the DNA 
(37). Resistance to fluoroquinolones in N. gonor- 
rhoeaeis associated with mutationsthat result in 
amino acid changes in theA subunit (GyrA) and 
the B subunit (GyrB) ofthe DNA gyrase, and in 
the parC-encoded subunit of topoisomerase IV 


(37-40). Although mutations in gyrB confer low- 
level resistance to naladixic acid, high-level 
qui nolone resistance is associated with mutations 
in thequi nolone resistance-determining region of 
gyrA (41). Topoisomerase IV, encoded by parC 
and parE in Escherichia coli and believed to be 
located in the cytoplasmic membrane, is involved 
in DNA replication but is not as sensitive to 
fluoroquinol oneinhibition as is DNA gyrase(37). 
No parE analog has been detected in N. 
gonorrhoeae (37). Mutations in gyrA and parC 
are most relevant when considering clinically 
significant levels of fluoroquinol one resistance in 

N. gonorrhoeae (37,39,40). Similar results have 

been obtained in studies of gyrA mutations in both 
laboratory-adapted strains and clinical isolates 
(37,39,40): ciprofloxacin-susceptible strains 

(MICs, <0.03 pg/ml) had no mutations in gyrA 
andstrainswith MICs, >0.5pg/ml of ciprofloxacin 
may have changes in nucleotides 272 and 283 of 
gyrA. In addition, strains with MICs >2.0 had 
mutations in parC. Mutations in parC were 
observed only in strains with at least one muta- 
tion in gyrA (37,39) and appeared to be associated 
with an M I C higher than would be expected with 
the gyrA mutation alone (39). Mutations in gyrA 
and pare may be characterized by polymerase 
chain reaction and DNA sequencing (37,39). The 
transfer of gyrA and parC mutations between 
gonococcal strains has been demonstrated in vitro 
(37). The presence of transformation sequences 
just downstream from the gyrA sequences sug- 
gests that transformation may play a role in the 
spread of gyrA mutations between gonococcal 
strains in vivo (37). The opportunity for trans- 
formation of genes between gonococcal strains, 
which depends on concurrent infections with 
multi plestrains, has been documented for women 
and homosexual men (42,43). 

I n addition to mutations in gyrA and parC, 
reduced permeability of the cytoplasmic mem- 
brane may contribute to low-level resistance to 
fl uoroqui nol ones i n N . gonorrhoeae eg., i ncreasi ng 
the MIC of one recipient strain from <0.002 to 

O. 06 pg/ml of ciprofloxacin (3,44). This resistance 
may also betransferred between gonococcal strains 
by transformation (3). 

Guidance 

Continued reports of the isolation of fluoro- 
quinolone-resistant strains of N. gonorrhoeae 
i ndicatethe need for heightened awareness ofthe 
potential for increasing prevalence of strai ns with 
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clinically significant fluoroquinolone resistance. 
I n areas where a fluoroquinol one is used totreat 
gonorrhea, thefol lowing steps are recommended 
to monitor and control the spread of fluoro- 
quinolone-resistant strai ns of N . gonorrhoeae 


• Susceptibility testing should be performed to 
detect fluoroquinolone resistant strains. In 
geographic areas where interpretive criteria 
have not been proposed, criteria should be 
developed for results obtained with local test 
procedures that use strai ns with known sus- 
ceptibilities to ciprofloxacin or ofloxacin. 

• Ideally, routine surveillance for emerging 
fluoroquinolone resistance should be per- 
formed i n centers wherefi uoroqui nol ones are 
used widely totreat gonorrhea; e.g., a sample 
of approxi mately 20 to 50 consecutive i sol ates 
should betested periodically. Ifci profloxacin- 
resistant isolates are detected, the use of 
alternativetherapiesfor gonorrhea should be 
considered; if isolates are ciprofloxacin- 
suscepti bl e, ci prof I oxaci n or ofl oxaci n may be 
used totreat gonorrhea. 

• Susceptibilities of isolates from individual 
patients whose infections did not respond 
to treatment with a fluoroquinolone should 
be determined. 

• A cluster of infectionsunresponsivetofluoro- 
quinolonetherapy may indicatean outbreak 
caused by a resistant strain. 

• I ftreating gonorrhea with a fluoroquinol one, 
e.g., ciprofloxacin or ofloxacin, never useless 
than the recommended dose. In the United 
States, 500 mg of ciprofloxacin or 400 mg 
ofloxacin should be used. 

• Because gonococcal infections caused by 
fluoroquinolone-resistant strains have been 
acquired frequently in the Far East, clini- 
cians may wish to treat infections possibly 
acquired in the Far East with 125 mg ceftri- 
axone, intramuscularly, or 400 mg cefixime, 
orally, the current C DC-recommended doses 
for treating gonococcal infections. 

T he i mportance of the emergence and spread 
of fluoroquinolone resistance in N. gonorrhoeae 
cannot be overstated. Of antimicrobial agents 
avai lablefor treati ng gonorrhea, broad-spectrum 
cephalosporins are the only agents to which N . 
gonorrhoeaeisnot resistant, andexclusiveuseof 


these agents, particularlytheorally administered 
cephalosporins such as cefixime, may result 
ultimately in theemergence of resistancetothese 
agents. Thus, it is critical to take measures to 
ensurethat fl uoroqui nol ones remain effectivefor 
thetreatment of uncomplicated gonorrhea for as 
long as possible. 

Dr. Knapp is chief. Gonorrhea, Chiamydia, and Chan- 
croid Branch, Division of Al DS, STD, andTB Laboratory 
Research, Nationai Center for Infectious Diseases, CDC. 
H er research i nterests are anti microbi ai resistance i n N . 
gonorrhoeae the molecuiar epidemioiogy of gonococcai 
strain popuiations, and thetaxonomy of Neisseria spp. 
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Human leukocyte antigens (HLAs) are an inherent system of alloantigens, which 
are the products of genes of the major histocompatibility complex (MHC). These genes 
span a region of approximately 4 centimorgans on the short arm of human 
chromosome 6 at band p 21 .3 and encode the HLA class I and class II antigens, which 
play a central role in cell-to-cell interaction in the immune system. These antigens 
interact with the antigen-specific cell surface receptors of T lymphocytes (TCR) thus 
causing activation of the lymphocytes and the resulting immune response. Class I 
antigens restrict cytotoxic T-cell (CD 8 - 1 -) function thus killing viral infected targets, while 
class II antigens are involved in presentation of exogenous antigens to T-helper cells 
(CD4-I-) by antigen presenting cells (APC). The APC processes the antigens, and the 
immunogenic peptide is then presented at the cell surface along with the MHC 
molecule for recognition by the TCR. Since the MHC molecules play a central role in 
regulating the immune response, they may have an important role in controlling 
resistance and susceptibility to diseases. In this review we have highlighted studies 
conducted to look for an association between HLA and infectious diseases; such 
studies have had a variable degree of success because the pathogenesis of different 
diseases varies widely, and most diseases have a polygenic etiology. 


Major Histocompatibility Complex (MHC) 
and Immune Response 

Because of its remarkable power to deal with 
infection, the immune system is central to the 
prevention and control of infectious disease, 
immune responsiveness is affected, even con- 
trolled, by gene products of the major histocom- 
pati bi I ity system (1). M any di seases are associ ated 
with human leukocyte antigens (HLAs) (2,3). 
Moreover, in some infectious diseases (4-6), the 
host immune reactivity, which is responsible for 
the pathologic manifestation of disease, has been 
correlated with H LA specificities. 

Thediscovery of the human MHC dates from 
the mid 1950s when leukoaggi utinating anti bodies 
were found in the sera of patients who received 
multiple transfusions and in the sera of 20 % to 
30% of multiparous women. In humans, the entire 
histocompatibility complex is termed the HLA 
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complex. Genes coding for HLAs occupy a 
segment of approximately 4 centimorgans on the 
short arm of chromosome 6 . The H LA-A, -B, and 
-C genetic loci determine cl ass I antigens; H LA- 
DR, -DP, -DQ genetic loci determine class II 
antigens. Class I antigens are found on virtually 
every human cell; class II antigens are found 
ch i ef I y on t he su rfaces of i mmu nocompetent cel I s, 
including macrophages/monocytes, resting T 
lymphocytes, activated T lymphocytes, and 
particularly B lymphocytes. 

T he M H C mol ecu I e provi des a context for t he 
recogn i t i on of a nt i gens by T I y mphocytes. T he pol y- 
morphic binding siteof MHC class I and class 1 1 
molecules is composed of a 15-pleated sheet flanked 
by two alpha helixes. They form a groove that 
accommodates onesingle microbial peptide ligand. 

MHC class I molecules bind to peptides 
produced by the i ntracel I ul ar degradati on of vi ral 
proteins and display them on the cel I surface for 
recognition by CD 8 - 1 -T lymphocytes. A class of 
white blood cells, the CDS T lymphocytes, bear 
receptors specific for the HLA class I antigens 
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and route pathogens such as viruses. Surface 
expression of class I M HC molecules depends on 
the availability of peptides that bind MHC 
molecules in the endoplasmic reticulum. A 
peptide transporter, associated with antigen 
processing (TAP), plays an important role in 
maintaining adequate levels of peptide (7). The 
transporter is a heterodimer encoded by two 
genes, TAPlandTAP2, located IntheMHC class 
II region. TAP genes belong to the adenosine 
triphosphate (ATP) bindingcassettesu per family 
of transport proteins, which have two ATP- 
bi ndi ng cassettedomai ns and twotransmembrane 
domains. TAP genes are polymorphic (8), and 
allelic MHC differences may be associated with 
disease by altering the peptides that bind class I 
MHC molecules. Since human TAP genes are 
located between H LA-DP and HLA-DQ, TAP 
alleles could result in an apparent disease 
association with class 1 1 H LA alleles. Class I , i.e., 
HLA-A,-B, and -C molecules, play an important 
role in viral infections in the lysis of target cells 
by cytotoxic killer T lymphocytes. 

MHC class II molecules are highly poly- 
morphic membrane glycoproteins that bind 
peptide fragments of proteins and display them 
for recognition by CD4-I- T lymphocytes. The 
white blood cells known as CD4 T lymphocytes 
are of central importance in defeating the bacteria 
and other parasites that live within cells. The 
CD4 T lymphocytes are called helper T cells 
becausethey secretesubstances that ampi ify and 
control virtually all aspects of immunity. TheseT 
cells have receptor molecules that can recognize 
one particular peptide-H LA class 1 1 antigen com- 
bination. The binding capability of any given 
peptidetoM HC class 1 1 molecules depends on the 
primary sequence of the peptide and allelic 
variation of the amino acid residues in the 
binding site of the MHC receptor. Anchor 
residues defining allele-specific peptide motifs 
have been identified in the class II binding 
peptides. Theproposed anchor residuescombining 
with MHC pockets through their side chains 
seem to be a primary requirement for peptide- 
MHC interaction. Theinvariant chain (li)playsa 
critical role in the assembly, intracellular 
transport, and function of MHC class II 
molecules (9). In intracellular parasites (e.g., 
Leishmania infections of macrophages), it is the 
class II MHC molecules that specifically bind to 
receptors on these microbes. 


HLA Association with Infectious Diseases 

I nfect I ous diseases areassod ated wi th I mpai red 
immunity. Some persons mount very effective 
immune responses when given vaccines, while 
others respond to vaccines poorly or not at all. 
The level of response is determi ned by several fac- 
tors: intensity of infection, factors related to the 
I ntensity of the host immune response, T-cel I state, 
T-cell function, and perhaps most important, the 
genetic factor that I nteracts with the other factors 
to determine the outcome of the disease. I nfec- 
ti ous di sease research I s now focusi ng on genet! c 
markers such as allelic forms of HLA molecules. 

HLA Association with 

Mycobacteriai infections 

Geneticfactors may control host responsesto 
Mycobacterium tuberculosis (10-12). Several 
investigators have conducted population studies 
to determine an association between pulmonary 
tuberculosis (TB) and HLA specificities. HLA- 
DR2 is associated with the development of 
multi bad 1 1 ary forms of both TB and leprosy 
(13,14); molecular subtyping of DR2 showed that 
the majority of the allele in patients and controls 
was DRB 1*1501 and DRB 1*1502. Thefrequency 
of these molecular subtypes of DR2 in patients 
was not skewed, suggesting that the entire DR2 
moleculeor its closely linked gene(s) may govern 
patient susceptibility to pulmonary TB and, 
particularly, todrug-resistantTB. Whenthethree- 
dimensional structureoftheH LA-DR moleculeis 
elucidated (15), sequencing of class II alleles in 
patients with pulmonary TB and drug-resistant 
TB could identify an amino acid residue(s) 
critical for the binding of a M. tuberculosis- 
derived pathogenic peptide(s) responsible for the 
detrimental or protective immune response. 

HLA alleles also modulate the immune 
response that determines the form of leprosy (a 
heterogeneous disease caused by Mycobacteri um 
leprae) that develops in each patient (16,17). At 
one pole of the spectrum of leprosy are the 
multi bad 1 1 ary lepromatous leprosy (L L ) patients, 
whoareanergictotheantigensof M . leprae, and 
at the other extreme are the paucibacillary 
tuberculoid leprosy (TT) patients, who exhibit a 
good cell-mediated immune response. Humoral 
immunity is present throughout the spectrum 
but does not seem to provide protect ion. Between 
the two poles are patients with intermediate 
features as seen in the borderline lepromatous. 
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borderline leprosy (BB), and borderline tuber- 
culoid forms (18). An increased frequency of 
HLA-DR2 and -DQl in LL patients (19) and of 
H LA-DR3 in TT patients has been reported (20). 
These antigens can be further subdivided into 
alleles defined by their amino acid sequence. A 
single amino acid substitution may give rise to 
alleles with different immunologic properties. 
The allele DRBP1501 showed a stronger asso- 
ciation with LL patients than with TT patients 
(p <0.00001). In addition, DQB 1*0601 was found 
significantly more often in LL patientsthan in con- 
trols (p <0.00001); DQA1*0103 was morefrequent 
in the LL group than in the tuberculoid leprosy 
group; and DQA1*0102 was selectively increased 
in patients with borderline lepromatous leprosy 
(Table 1). However, DRBP0701, DQB1*0201, and 
DQA1*0201 were decreased in LL patients 
compared with TT patients and controls, and 
DQB 1*0503 was selectively decreased in TT 
patients, suggestingthatthesealleles might modu- 
late the immune response that determines the 
formof leprosy that develops in each patient (21). 


Table 1 . Frequency of HLA class II alleles with significant 
differences between leprosy patients and healthy controls 



Healthy 

controls 

Leprosy 

patients 



HLA 

N^7 

N=93 



alleles 

N 

% 

N 

% 

RR= 

P 

DRB1*15 

10 

21.3 

70 

75.3 

11.3 

<0.00001 

DRB 1*1501 

6 

12.8 

49 

52.7 

7.6 

<0.00001 

DRB 1*1502 

5 

10.6 

26 

27.9 

3.2 

<0.05 

DRB 5*0101 

6 

12.8 

49 

52.7 

7.6 

<0.00001 

DRB 5*0102 

5 

10.6 

26 

27.9 

3.2 

<0.05 

DQA1*0102 

9 

19.1 

38 

40.9 

2.9 

<0.05 

DQA1*0103 

13 

27.6 

48 

51.6 

2.8 

<0.05 

DQB 1*0601 

8 

17.0 

56 

60.2 

7.4 

<0.00001 

DRB 1*0404 

5 

10.6 

0 

0.0 

0.04 

<0.01 

DRB 1*0701 

13 

29.8 

11 

11.8 

0.3 

<0.05 

DRB 1*1401 

4 

8.5 

0 

0.0 

0.005 <0.05 

DQB 1*0503 

16 

36.2 

14 

16.1 

0.3 

<0.05 


"“RR =relativerisk 

HLA Association with 

Parasitic infections 

Because there are significant differences 
between malaria-exposed and -unexposed popu- 
lations in the frequencies of H LA genes at the A 
and B loci, the HLA complex may protect 
populations in endemic-disease areas who are 
exposed to malaria parasites. The adaptative 
mechanisms may be expressed by H LA-asso- 
ciated genes that control immune responsiveness 


tomalariaanti gen s. T he associ at i on between the 
HLA class I antigen HLA-B53 and protection 
from severe malaria has been well established 
(5). This link might be mediated by H LA class I 
restricted cytotoxicT lymphocytes (CTL) during 
the liver stageofthe parasite's lifecycle (22). The 
protective association between HLA-B53 and 
severe malaria was investigated by sequencing 
pept i des el uted f rom t h i s mol ecu I e before test i ng 
candidate epitopes from preerythrocytic-stage 
antigens of Plasmodium falciparum in bio- 
chemical and cellular assays. Among malaria- 
immune Africans, HLA-B53 restricted CTL recog- 
nized a conserved nonamerpeptide from liver 
stage-specific anti gen, but noH LA-B53 restricted 
epitopes were identified in antigens from other 
stages (5). These findings indicate a possible 
molecular basis for this HLA disease association 
and support the candidacy of liver stage-specific 
antigen as a malaria vaccine component. 

Theassociation between H LA-DR/-DQ pheno- 
types and immune response to circumsporozoite 
protein of the human malaria parasite were 
investigated in Thai adults (23). Evidence 
suggests that human T- and B-cell responses to a 
major P. falciparum antigen (Pf RESA) in persons 
primed by repeated infections are genetically 
regulated (24). To associ ate T-cel I and antibody 
responses with the donors' MHC class II 
genotypes, genomic HLA class II typing of DQ 
antigens of leukocytes from 145 donors living in 
endemic-diseaseregionsof Africa were performed 
by restriction fragment length polymorphism 
(24). These data imply that the impact of MHC 
class II gene products on specific immune 
responses to Pf 155/ RESA epitopes is weak and 
hard to demonstrate in outbred human popula- 
tions natural ly pri med by i nfection. The rel ati onshi p 
between class 1 1 H LA and immune recognition of 
three candidateantigens for a vaccine against P. 
fa Id parum was i n vest i gated i n persons extremely 
heterozygous for H LA class 1 1 alleles living in an 
endemic-disease area of West Africa (25). One 
class II DQA-DQB combination (serologic 
specificity DQw2) was particularly common 
among these persons. This haplotype was signi- 
ficantly associated with higher than average 
I evel s of a nt i body to a pept i de epi tope (E E N V )6 of 
Pf RESA. Therewas littleevidence of associ ation 
between HLA class II genotype and cellular 
proliferation responses to the antigen tested. 

The frequency of HLAs was studied in 62 
patients with scabies and 27 patients with 
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cutaneous leishmaniasis to evaluate the role of 
HLA antigens as genetic markers in the 
pathogenesis of these parasitic skin diseases. A 
significant statistical association was found 
between H LA-All antigen and scabies and 
between H LA-All, -B5, and -B7 antigens and 
diffuse cutaneous leishmaniasis (26). In another 
study, 24 families with one or more cases of 
I ocal i zed cutaneous I ei sh man i asi s from an endemi c- 
disease region with the highest incidence of 
localized cutaneous leishmaniasis in Venezuela 
were typed for HLA-A, -B, -C, -DR, and -DQ 
antigens and complement factors. The parental 
HLA haplotypes segregated at random among 
healthy and affected siblings, but in backcross 
families significantly higher frequenciesof H LA- 
A28, -Bw22 or -DQw8 were present in infected 
compared with healthy siblings (27). I n addition, 
HLA-B15 showed a higher frequency among 
healthy siblings. Haplotypes Bw22, DRll, DQw7 
were also significantly more frequent in infected 
than in healthy siblings. No H LA linkage with a 
putat i ve I oca I i zed cut a neous I ei sh man i asi s suscep- 
tibility gene(s) could be demonstrated in this 
study (27). A cas^control comparison of 26 unre- 
lated localized cutaneous leishmaniasis patients 
and healthy persons of the same ethnic origin con- 
firmed the association of HLA-Bw22 and -DQw3 
with this disease. Therelativerisk reached 12.5 for 
Bw22 and 4.55 for DQw3. H LA-DQw3 apparently 
makes the major contribution as a genetic risk 
factor for I oca I i zed cutaneous I ei sh man i asi s at the 
population level. In another study, a statistically 
significant association was found between H LA-B5 
and -DR3 and schistosomiasis (28). 

A study of the association of HLA class I 
antigen frequencies in 52 patients with kala-azar 
and 222 unrelated healthy controls in I ran found 
H LA-A26tobestatisticallysignificant (p =0.004) 
(29). This indicates a high risk of contracting the 
disease for HLA-A26 positive persons and a 
remarkable influence of this antigen on the 
prevalence rate of kala-azar. 

The significance of susceptibility/protection 
correlations between H LA and parasitic diseases 
has been established by serologic typing methods. 
To improve the accuracy of MHC-disease 
associations, we have used a DNA-based HLA 
typing method, namely polymerase chain 
reaction with sequence specific oligonucleotide 
probes, for the molecular typing of kala-azar 
patients in India (30). To study the possible 
association at the molecular level of H LA class I 


(A and B) as well as class 1 1 (DR) antigens in kala- 
azar patients, we typed patients with kala-azar 
by polymerase chain reaction with sequence 
specific ol igonucleotide probes and compared the 
antigen frequencies with healthy family-based 
controls. On thebasisofthedistribution of alleles 
in each sample, percentage phenotype and geno- 
type frequencies were calculated for both control 
and kala-azar patients. Statistical analysis using 
theT ransmission Disequilibrium Test was carried 
out to assess the association of different HLA 
allelic specificities with kala-azar patients. No 
significant association between any of the HLA 
class I or class II antigens was found. We will 
conduct a linkage analysis study based on the 
data from typing the above-mentioned cas^ 
controls. The findings might lead to a new 
dimension in the study of H LA association with 
parasitic infections: genetic markers, such as H LA, 
that are sufficiently polymorphic (as measured 
by their heterozygosities) can be used in linkage 
and association analysis to detect Mendelian 
segregation underlying disease phenotypes (31). 

Comprehensive analysis of HLA associations 
with infectious diseases has allowed precise 
definition of susceptibility and protective alleles 
in large populationsof different ethnicorigins. Of 
great interest in the fine dissection of molecular 
mechanisms leading to parasitic diseases, these 
studies also provide the genetic basis for 
identification of the subset of persons at risk 
for subsequent infection. Infectious diseases 
may have exerted significant pressure on the 
development and maintenance of HLA 
polymorphism (32). Widespread and frequently 
fatal parasitic diseases such as malaria have 
selectively maintained certain gene frequencies 
in endemic-disease areas (33). 

Although HLA associations with parasitic 
diseases have provided cl ues to pathogenesis, the 
molecular basis of these associations has not yet 
been defined. The determinant selection hypo- 
thesis, which statesthat associations result from 
the ability of a particular HLA type to present a 
critical antigenic peptide, has been difficult to 
i nvesti gate because, for most disease associ ati ons, 
the relevant antigen is unknown. Recently, the 
i dentifi cati on of characteri sti c sequence features i n 
peptides eluted from HLA class I molecules 
(34,35) suggested that the relevant antigen might 
be identifiable by assessing cellular immune 
responses to peptides containing such motifs 
among antigens that are candidates for mediating 
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H LA disease asscxiations. With the development 
of modern techniques of theH LA assembly assay 
(36), relevant peptides can be synthesized; it can 
then be determined whether they have any func- 
tion as CTL epitopes during immune responses. 
Such studies will elucidatetheHLA associations 
with parasitic infections and the molecular basis 
of these associations and facilitate the develop- 
ment of vaccines for these infectious diseases. 

HLA Association with 

Virai infections 

The associations of viral diseases with HLA 
al lei eshavenot been studied extensively. H owever, 
mechanisms by which HLA molecules determine 
theimmuneresponsetoviral peptides have been 
wel I studied as part of efforts to develop safe and 
efficient virus vaccines. Successful development 
of vaccines against viral infections depends on 
the ability of inactivated and live virus vaccines 
to i nducea humoral i mmune response and produce 
antiviral neutralization antibodies. Additionally, 
virus vaccines that induce a cellular immune 
response leading to the destruction of virus- 
infected cells by CD 8 -i-CTLs may be needed to 
provide protection against some viral infections. 
Antiviral CD 8 -i-CTLs are induced by viral pep- 
tides presented within the peptide binding grooves 
of H LA cl ass I moleculesonthesurfaceof infected 
cells. Studies in the last decade have provided an 
insight into the presentation of viral peptides by 
HLA class I molecules to CD 8 - 1 - T cells. 

Herpesvirus saimiri, an oncogenic, lympho- 
tropic, gamma-herpesvirus, transforms human 
and si mi an T cel I s i n vitro and causes lymphomas 
and leukemiasin various species of New World pri- 
mates. An open reading frame of the H. saimiri 
genome encodes a heavily glycosylated protein 
that issecreted and binds toheterodimericMHC 
class II H LA-DR molecules (37). These results 
indicatethattheopen readingframe can function 
as an immu nomodulator that may contribute to 
theimmunopathologyof H. saimiri infection. 

CytotoxicT cellsthat recognizedenguevirus 
peptides have been reported (38). Analysis of 
H LA class I haplotype-restricted peptides showed 
that HLA-A2 and -A 68 motifs were abundant 
compared with nonpeptides with H LA-A24, -B 8 , 
and -B53 motifs. Studies by Zeng et al. (39) 
suggest that the T -cel I response to dengue vi rus 
is restricted by theH LA-DR15 allele. Becker (40) 
developed an approach to priming antiviral CD 8 -I- 


CTLs that may provide cellular immune protec- 
tion from flavivi rus infection without inducing the 
humoral immune response associated with 
denguefever shock syndrome. He proposed using 
syntheticflavivirus peptides with an amino acid 
motif to fit with the H LA class I peptide binding 
group of HLA haplotypes prevalent in a given 
population in an endemic-disease area as an 
immunogen. These synthetic viral peptides may 
be introduced into the human skin by using a 
lotion contai ning the peptides (Peplotion) and sub- 
stances capable of enhancing the penetration of 
these peptides into the skin to reach Langerhans 
cells. The peptide-treated Langerhans cells, 
professional antigen presenting cells, may bind 
the synthetic viral peptides by their H LA class I 
peptide binding grooves. Antigens carrying 
Langerhans cells can migrate and induce the 
cellular immune response in the lymph nodes. 

Transmission of human immunodeficiency 
vi rus 1 (H I V- 1 ) from an i nfected woman to her off- 
spri ng duri ng gestation and del i very i s i nfl uenced 
bytheinfant's MHC classll DRBlalleles. Forty- 
six HIV-infected infants and 63 seroreverting 
infants, born with passively acquired anti-HIV 
antibodies but not becoming detectably infected, 
weretyped by an automated nucleotide-sequence- 
based technique (41). One or more DR-13 alleles, 
including DRB1*1301, 1302, and 1303 werefound 
in 15.2% of those becoming HIV-infected and 
31.7% of seroreverting infants (p = 0.048); this 
association was influenced by ethnicity. Upon 
examining for other allelic associations, only the 
DR2 allele DRB 1*1501 was associated with 
ser or eversion in Caucasian infants. Amongthese 
infants, the DRB 1*03011 allele was positively 
associated with HIV infection. 

Molecular mimicry, wherestructural proper- 
ties borne by a pathogen "imitate" or "simulate" 
molecules of the host, also appears to be an 
important mechanism in the association of H LA 
molecules with viral disease. Molecular mimicry 
takes different forms in the molecular biology of 
HIV-1 (42). Molecular mimicry between HIV 
envelope proteins and HLA class II molecules 
may lead to autoimmunity against CD4-I-T cell 
expressing class II molecules (43). Bisset (44) 
states that both the HIV -1 gp 120 envelope and 
Mycoplasma genitalium adhesion proteins share 
an area of significant similarity with the CD4- 
binding site of the class II MHC proteins. 

I nteraction with thistriad could contribute to T- 
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cell dysfunction, T-cell depletion, Thl-cell-Th2- 
cell shift, B-cell proliferation, hyperglobulinemia, 
and antigen-presenting cel I dysfunction. 

H LA-DR has been evaluated as a marker for 
immune response related to human cytomega- 
lovirus infection (45); this virus plays a role in 
chronic inflammatory reaction in inflammatory 
abdominal aortic aneurysm. In the fibrously 
thickened adventitia of this aneurysm, human 
cytomegalovirus-infected cells and H LA-DR 
positive cel Is were more frequently encountered 
than in that of atherosclerotic aneurysms and 
control cases (p <0.01). 

An estimated 250 million people throughout 
the world arechronically infected with hepatitis 
B virus, the primary cause of chronic hepatitis, 
d rrhosis, and hepatocel I ul ar card noma i n endemi c- 
disease areas (46,47). Because HLA class I 
antigens contain viral peptides, they may be 
important targets for immune mediated hepato- 
cytolysis by CD8-I- CTLs in hepatitis B virus 
infection (48). Davenport et al. (49) have shown 
that HLA-DR13 is associated with resistance to 
hepatitis B virus infection. Prognosis may be 
quite different among patients infected with 
hepatitisC virus: a chronic liver disease occurs in 
half thepatients, whiletheother half exhibits no 
signs of histologic progression of liver damage. 
The host immune responses may play an 
important role in such different outcomes. To 
identify human CTL epitopes in the N S3 region of 
hepatitisC virus, Kurokohchi et al. (50) modified 
an approach using recombinant protein and the 
ability of short peptides to bind to class I MHC 
molecules. They identified a cytotoxic T-cell 
epitope presented by H LA-A2 in the hepatitis C 
vi rus N S3 region. A study conducted by Peano et 
al. (51) establishes that HLA-DR5 antigen 
appears as a protective factor against a severe 
outcome of hepatitis C virus infection. 

Epstein-Barr virus, a member of the 
herpesvirus family, has been associated with 
virus replication (infectious mononucleosis, oral 
hairy leukoplakia) as well as neoplastic conditions 
such as nasopharyngeal carcinoma, B-cell lym- 
phoma, and Hodgkin disease associated with 
viral latency. An influence of CTL response on 
Epstein-Barr virus evolution was first suggested 
by the finding that virus isolates from highly 
H LA-All- positive Asian populations were speci- 
fically mutated in two immunodominant All 
restricted CTL epitopes (52). Additionally, 
B35.01-restricted CTL responses in whitedonors 


reproduci bly map to a si ngle pepti de epitope (53). 
However, most Epstein-Barr virus isolates from 
a population where B 35. 01 was prevalent (in the 
Gambia) either retained the CTL epitope 
sequence or carried a mutation that conserved 
antigenicity; changes leading to reduced anti- 
genicity were found in only a minority of cases. 
Two epitopes for Epstein-Barr virus specific 
CTLs restricted by the common allele HLA-B7 
were identified by H ill et al. (54). 

The level of serum HLA class I antigens 
markedly increases during the course of viral 
infections such as those caused by cytomega- 
lovirus, hepatitis B virus, hepatitisC virus, H I V- 
1, and varicella-zoster virus (55-57). DuringHIV- 
1 infection, the level ofserumHLAclassI antigens 
correlates with disease stageand represents a good 
prognostic marker of disease progression (55). 

HLA Association with 

Bacteriai infections 

Vaccines based on recombinant attenuated 
bacteri a represent a potenti al ly safeand effective 
immunization strategy. A carrier system was 
developed by Verjansetal. (58) toanalyzein vitro 
whether foreign T-cell epitopes, inserted in the 
outer membrane protein PhoE of Escherichia coli 
and expressed by recombinant bacteria, areeffi- 
ciently processed and presented through H LA class 
I andll molecules by infected human macrophages. 

A well-defined HLA-B27 restricted cytotoxic 
T-cell epitope and an HLA-DR53 restricted T- 
helper epitope of the fusion protein of measles 
virus were genetically inserted in a surface- 
exposed region of PhoE, andthechimericproteins 
were expressed in E. coli and Salmonella 
typhi murium. Macrophages infected with recom- 
binant bacteria presented theT-hel per epitopeto 
a specific CD4-i-T-cel I clone but failed to present 
theCTL epitopetothespecificCD8-l-T-ceil clone. 
Phagocytic processing of intact bacteria within 
infected macrophages was essential for antigen 
presentation by HLA class II. Nascent HLA 
class II molecules were also required for the 
presentation of theT-hel per epitope totheCD4-i- 
T-cell cl one by infected macrophages. 

HLA associations may also link various 
diseases; for example the HLA-B27 association 
for ankylosing spondylitis, Reiter disease, 
reactive arthropathy, and acute anterior uveitis 
indicate that these disorders may share a 
pathogenic pathway. According to the molecular 
mimicry hypothesis, antigens carried by a 
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particular pathogen may resemble a certain HLA 
allomorph. Astheperson carry! ngthisallomorph 
is unresponsive to it, it is susceptible to the 
disease caused by the pathogen. For example, 
some investigators believe that one of the anti- 
gens of Klebsiella resembles HLA-B27 and that 
pathogen is responsiblefor ankylosing spondylitis 
(59). I n most patients who havean acuteattackof 
anterior uveitis, a common ocular disease charac- 
terized by inflammation of the iris and ciliary 
body, the only clues to the pathogenesis of this 
disease are its close association with the genetic 
marker HLA-B27 and the likely triggering roleof 
a variety of gram-negative bacteria (60). H LA-B27 
acute anterior uveitis appears to be a distinct 
clinical entity frequently associated with the 
seronegative arthropathies, such as ankylosing 
spondylitis and Reiter syndrome. 

Sasazuki (61) show^ that low responsiveness 
to streptococcal cell wall antigen was inherited as 
an H LA-linked dominant trait. The immune sup- 
press! on gene for streptococcal cell wall was in 
strong linkage disequilibrium with particular alleles 
of the H LA-DQ locus. This shows that the H LA- 
linked immune suppress! on genes exist in humans 
to control low response to natural antigens. 

Table 2 lists the associations that have been 
established between various HLA factors and 
certain infectious diseases. Only the antigens 
showing statistically significant associations are 
indicated. Becausesome persons areunresponsive 
to certain critical epitopes of the pathogens 
presumably responsible for certain infectious 
diseases, particular HLA alleles occur morefre- 
quentlyin patientswith certain infectiousdiseases 
than in healthy persons; therefore, researchers 
associate these diseases with certain HLA 
alleles. This article has summarized thefindings 
from population genetic analysis and from studies 
of the associ at I on of i mmu ne response mechan I sms 
of infectious diseases and HLA. 
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Table 2. Association between human leukocyte antigen 
(HLA) and some infectious diseases 


Disease 

HLA 

Association 

Bacterial 

Ankylosing spondylitis 

B27 

Reiter disease 

B27 

Acuteanterior uveitis 

B7 

Mycobacterial 

Tuberculosis and leprosy 

DR2 

(multi bad II ary forms) 

(DRB1*1501, 1502) 

lepromatous leprosy 

DR2andDQl 

pauci bad 1 1 ary tuber cu 1 oi d 

DR3 

Viral 

Dengue fever virus 

DR15 

Human immunodeficiency 

DR13 

virus 1 

(DRB1*1301, 1302, 
1303) 

DR2 

(DRB 1*1501) 

DRB 1*03011 

Hepatitis B virus 

DRB 

Hepatitis C virus 

A2 

DR5 

Epstein-Barr virus 

B35.01 

All 

B7 

Parasitic 

Malaria 

B53 

Scabies 

All 

Diffuse cutaneous 
leishmaniasis 

All, B5, B7 

L oca 1 i zed cutaneous 

A28, Bw22, DQw8 

leishmaniasis 

Bw22, DRll, Qw7 
Bw22, Dqw3 

Schistosomiasis 

B5, DR3 

Visceral leishmaniasis 

A26 


now epidemic. She is devei oping PCR-based diagnostics 
for the disease focusing on kinetopiast DNA, studying 
the molecuiar mechanisms of drug resistance, and 
strivingtoanswerthemost important question: arehost 
genetic factors, iike HLA, involved in susceptibility to 
kala-azar in India. 
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Cryptosporidiosis: An Emerging, 
Highly Infectious Threat 
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Cryptosporidium parvum, a leading cause of persistent diarrhea in developing 
countries, is a major threat to the U.S. water supply. Able to infect with as few as 30 
microscopic oocysts, Cryptosporidium is found in untreated surface water, as well as in 
swimming and wade pools, day-care centers, and hospitals. The organism can cause 
illnesses lasting longer than 1 to 2 weeks in previously healthy persons or indefinitely in 
immunocompromised patients; furthermore, in young children in developing countries, 
cryptosporidiosis predisposes to substantially increased diarrheal illnesses. Recent 
increased awareness of the threat of cryptosporidiosis should improve detection in 
patients with diarrhea. New methods such as those using polymerase chain reaction 
may help with detection of Cryptosporidium in water supplies or in asymptomatic 
carriers. Although treatment is very limited, new approaches that may reduce secretion 
or enhance repair of the damaged intestinal mucosa are under study. 


An emerging infection comestoour attention 
because it involves a newly recognized organism, 
a known organism that newly started to cause 
disease, or an organism whosetransmission has 
increased. Although Cryptosporidium is not new, 
evidence suggests that it is newly spread (in 
increasingly used day-care centers and possibly in 
widely distributed water supplies, public pools, 
and institutions such as hospitals and extended- 
care facilities for the elderly); it is newly ableto 
cause potentially life-threatening disease in the 
growing number of immunocompromised patients; 
and in humans, it is newly recognized, largely 
since 1982 with the AIDS epidemic. Crypto- 
sporidium is a most highly infectious enteric 
pathogen, and becauseit is resistant to chlorine, 
small and difficult to filter, and ubiquitous in 
many animals, it has become a major threat to 
the U .5. water supply. This article wi 1 1 focus on the 
recognition and magnitude of cryptosporidiosis, 
the causative organism and theeasewith which it 
is spread, outbreaks of cryptosporidiosis i nfection, 
and its pathogenesis, diagnosis, and treatment. 
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Recognition and Magnitude 
of Cryptosporidiosis 

F i rst recogn i zed by C I a r ke a nd Tyzzer ( 1) at t he 
turn of thecentury and well known to veterinarians, 
Cryptosporidium was reported as a human patho- 
gen in 1976 by Nime(2). From 1976 until 1982, 
seven cases of cryptospori di osi s were reported i n 
humans, fiveof which werein immunosuppressed 
patients. Since 1982, cryptosporidiosis has been 
increasingly recognized as a cause of severe, life- 
threatening diarrhea in patients with AIDS as 
well as in previously healthy persons (3). Of the 
first 58 cases of cryptosporidiosis described in 
humans by 1984, 40 (69%) werein immunocompro- 
mised patients who contracted severe, often irre- 
versible, diarrhea (lasting longer than 4 months in 
65%); of these 40 patients, 33 (83%) had AIDS (4^6); 
55%ofthe40 immunocompromised patients died. 

A review of 78 reports of more than 131,000 
patients and more than 6,000 controls showed 
Cryptosporidi um infection in 2.1%to6.1%ofi mmuno- 
competent persons in industrialized and devel- 
oping countries, respectively, vs. 0.2% to 1.5% in 
controls (Table 1). A review of an additional 22 
reports of nearly 2,000 human i mmu nodeficiency 
vi rus (H I V)-i nfected persons showed C ryptospori- 
dium infection in 14% to 24% of HIV-infected 
persons with diarrhea vs. 0% to 5% of HIV- infected 
controls without diarrhea (7). Seroepidemiologic 
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Table 1 . Rates of Cryptosporidium infection among 
immunocompetent and HIV-positive persons in 
industrialized and developing areas^'^'^ 



Patients 

Controls 


with diarrhea 

without diarrhea 

1 mmuno- 
competent 

1 ndustr. 

2.2%(0.26°/cr22%) 

0.2%(0°/cr2.4%) 

areas 

[n=2232/107,329] 

[n=3/1941] 

Developing 

6.r/o(1.4°/cr40.9%) 

1.5%(0°/cr7.5%) 

areas 

[n=1486/24,269] 

[n=61/4146] 

HIV-positive 

1 ndustr. 

14%(6°/cr70%) 

0%(0°/cr0%) 

areas 

[n=148/1074] 

[n=0/35] 

Developing 

24%(8.7°/cr48%) 

5%(4.9°/cr5.3%) 

areas 

[n=120/503] 

[n^/101] 


^Frorn 100 reports of 133,175 patients with diarrhea and 6,223 
control s. ‘'Ranges given i n parentheses. “Data from reference (7). 


studies suggest that 17% to 32% of nonimmuno- 
compromised persons in Virginia, Texas, and 
Wisconsin, as well as non immunocompromised 
Peace Corps volunteers (before travel), have 
serologic evidence of Cryptosporidium infection 
by young adulthood. In contrast, more than half 
of the children in rural Anhui, China, had 
ser ol ogle evidence of cryptospori dial infection by 
5 years of age, and more than 90% of children 
living in an impoverished area of Fortaleza, 
Brazil, had serologic evidence of cryptosporidial 
infection in their first year of life (Figure) (8-11). 

The Organism 

Among protozoa, C. parvum is the major 
human pathogen that is also found in numerous 
mammals. It is slightly smaller than the murine 
Cryptosporidium, C. muris, and is also distin- 
guished from the other Cryptosporidium species 
commonly seen in birds, turkeys, snakes, and fish. 
Infection begins when a person ingests chlorine- 
resistant, thick-walled oocysts (7). These hardy 
oocysts appear to bei nfectious, with an esti mated 
ID^g (from studies in humans) of one isolatecon- 
tainingonlyl32 oocysts ( 12) . I nfect i ons may occu r 
with ingestion of as few as 30 oocysts; some 
infectionshaveoccurred with just oneoocyst (13). 

When the oocysts reach the upper small 
bowel, the proteolytic enzymes and bile salts 
enhance the exeystation of four infectious sporo- 
zoites, which enter the brush border surface 
epithelium and develop into merozoites capable 
of replicating either asexually or sexually beneath 
the cell membrane (but extracytoplasmically) in 


the brush border epithelial cell surface. Sexual 
stages combi ne to form new oocysts, some of wh i ch 
(perhaps 20% as thin-walled oocysts) may sporu- 
late and continue infection in the same person, 
while others (thick-walled oocysts) are excreted. 
Although few organisms may enter through M 
cells, systemic infection essentially does not occur; 
the occasional biliary tract or respiratory tract 
i nfecti ons i n i mmunocompromi sed pati ents probably 
reached these sites through thelumenal surface. 

Cryptosporidiosis Outbreaks 

Numerous well -documented outbreaks of 
cryptosporidiosis have occurred. Most of these 
often waterborneoutbreaks haveinvolved subtle 
problems in the flocculation and/or filtration pro- 
cess (17-21). These outbreaks culminated in the 
huge waterborne outbreak in M ilwaukee, which 
was initially thought to be viral gastroenteritis, 
reported to the State Health Department on 
April 5, 1993, diagnosed on April 7, and followed 
by an advisory notethat eveningtothepublicto 
boil all drinki ng water (Table2).Thisbecame the 
largest waterborne outbreak in U.S. history and 
affected an estimated 403,000 persons, thus con- 
stituting a 52% attack rate among those served 
by the South Milwaukee water works plant. 
Several immunocompromised patients died, and 
many previously healthy persons became ill. The 
mean duration of illness was 12 days with a range 
of Ito 55 days, and the average maxi mum number 
of watery diarrheal stools was 19 per day at the 
peak of illness. While watery diarrhea was the 
predominant symptom among 93% of confirmed 



Age 

Figure. PrevalenceofIgG anti bodies toCryptosporidium 
parvum, by age, in Brazil, China, and the United States. 
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Table 2. Symptoms of 205 patients with confirmed cases 
of cryptosporidiosis during the Milwaukee outbreak^ 


Symptom 

Percent(%) 

Watery diarrhea 

mean=12d; med=9d (T55d) 
mean=19/d; med=12/d (1-90) 
39% recurred after 2d free 

93 

Abdominal cramps 

84 

Weight loss 

(med=10l b, 1-401 b) 

75 

Fever 

(med=38.3°, 37.2°-40.5°) 

57 

Vomiting 

48 


‘‘Data from reference (21) 

cases, other symptoms such as abdominal pain, 
low-gradefever, andvomitingwerenot infrequent; 
75%of infected nonimmunocompromised persons 
had an average 10-lb weight loss. 

Additional outbreaks involving public swim- 
ming pools and wade pools have further docu- 
mented the ability of Cryptosporidium to cause 
infection even when ingested in relatively small 
amounts offully chlorinated water (22-26). While 
the leading causes of 129 drinking and recrea- 
tional water outbreaks in the United States from 
1991 through 1994 wereGiardia and Cryptospori- 
dium, cryptosporidiosis accounted for substantially 
more cases (even i f t he M i I wau kee out brea k were 
excluded) (23,24,26). I n addition, although Crypto- 
sporidium oocysts cannot multiply in theenviron- 
ment, an outbreak of foodbornecryptosporidiosis, 
affecting 54% of those ingesting incriminated 
freshly pressed applecider, has been reported (27). 
In this outbreak, Cryptosporidium oocysts were 
found in the cider press, as well as in a calf on the 
farmfrom which theapples were obtained. There 
was also a 15% secondary attack rate in house- 
holds involved in this outbreak. The apparent 
person-to-person spread in households and i nstitu- 
tions such as day-care centers and hospitals 
fu rther docu ments the highly infectiousnatureof 
Cryptosporidium. In an urban slum area in 
northeastern Brazil, secondary household infections 
occurred in 58% of households with an infected 
chi Id (i ndex case) despite the 95% prevalence of 
antibody in children morethan 2 years of age (28). 

The spread of cryptosporidiosis in day-care 
centers is well documented, with 14 outbreaks 
reported in the United States, as well as others in 
theUnited Kingdom, France, Portugal, Australia, 
Chile, and South Africa (29). Illnesses usually 
occurred in the summer and early fall, especially 
during August and September i n theU nited States 


and Portugal . Attack rates were 13% to 90%, with 
the highest rates found among nontoilet-trained 
toddlers and staff caring for children in diapers. 
Overal I preval encerates were usual ly i n the 1.8%to 
3.8% range; however, rates as high as 30% i n day- 
care homes were reported (30). Duringoutbreaks, 
3.7% to 22.9% of infected children may not have 
diarrhea; infectious oocysts may be excreted for 
uptoSweeks after diarrheal illness ends (31). In 
addition, numerous nosocomial outbreaks of 
cryptosporidiosis have occurred among health- 
care workers as well as patients in bone marrow 
transplant units, pediatric hospitals, and patient 
wards with HI V-infected patients (32-37). Further- 
more, elderly hospital ized patients may also beat 
risk for Cryptosporidium infection (38). In one 
Pennsylvania hospital, 45%of nurses, medical stu- 
dents, and house staff caring for an HIV-positive 
patient with cryptosporidiosis seroconverted (39). 

Numerous potential animal and water sources 
have been found to be infected with Crypto- 
sporidium. In theGongalves Dias slum in Forta- 
leza, Brazil, 10% of animals (includingdogs, pigs, 
donkeys, and goats), 6.3% during the dry season 
to 14.3% during the wet season, had Cryptospori- 
dium in their stool specimens. I n addition, 22%of 
drinking water sources studied were infected 
with Cryptosporidium oocysts (40). Furthermore, 
LeChavalier et al. have documented that Crypto- 
sporidium oocysts were present in 27%of 66 drink- 
ing water samples obtained from 14 states and one 
Canadian province(mean of 0.18 NTU) (41,42). 

Pathogenesis and Impact 

C. parvum does not infect tissue beyond the 
most superficial surfaceof the intestinal epithe- 
lium; however, it can derange intestinal function. 
Although a parasite enterotoxin has been exten- 
sively sought and some reports have suggested 
that onemay exist (43), this issue remains contro- 
versial, and thesource of substances in thestools 
of infected animals and patients that induce 
secretion remains unclear (44). Extensivestudies 
in a piglet model of cryptosporidiosis by Argenzio 
and col I eagues demonst ratethe I oss of vacuol ated 
villus tip epithelium (approximately two-thirds 
of the villus surface area), accompanied by an 
approximate 50% reduction in glucose-coupled 
sodium cotransport. What remains is a predomi- 
nance of transitional junctional epithelium, in 
which increased glutamine metabolism drives a 
sodium-hydrogen exchange, to which is coupled 
chloridetransport. Thus, gl utami nedri ves neutral 
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sodium chloride absorption in an apparent 
prostagi andi n-i nhi bitable manner i n C ryptospori- 
dium-infected piglet epithelium (45). F urthermore, 
Argenzio and colleagues have demonstrated 
increased macrophages that produce increased 
tumor necrosis factor (TNF) in thelamina propria 
of C ryptospor i d i u m-i nfected piglets (46). A I though 
TNF did not directly affect epithelial transport, 
when a fibroblast monolayer was added, an indo- 
methacin-inhibitable secretory effect was noted 
with TN F (46). Consequently, the researchers pro- 
pose a prostaglandin-dependent secretory effect, 
which occurs 1) through a bumetanide-i nhi bitable 
chloride secretory pathway, predominantly from 
crypt cells; and 2) through the inhibition of neu- 
tral sodium chloride absorption through the 
ami lori de-sensitive sodium: hydrogen exchanger, 
predominantly in the junctional or transitional 
epitheliumduringactivecryptosporidial infection. 
Reduced xylose and B-12 absorption are among 
theeffects described in humans andanimalswith 
cryptospor i di osi s (47-49). D i sr u pt i on of i ntest i n a I 
barrierfunction with strikingly increased lactulose 
to mannitol permeability and absorption has been 
documented during active symptomatic crypto- 
sporidial infection in children and in HIV-infected 
adu I ts (L i ma et al ., u n pu bl i shed observati ons) ( 50) . 

Cryptosporidium appears to be one of the 
leading causes of diarrhea, especially persistent 
diarrhea, among children in northeastern Brazil 
(51,52). I n addition, theincidence of diarrhea has 
been nearly double for many months in young 
children after symptomatic cryptosporidial infec- 
tions, suggesting that the disrupted barrier func- 
tion in infected children leaves residual damage 
resulting in increased susceptibility of injured 
epithelium to additional diarrheal illnesses 
(Agnew et al., unpub. obs.). 

Recognition and Diagnosis 

The diagnosis of C. parvumin patients with 
diarrhea is usually made by using acid-fast or 
immunofluorescencestainingon unconcentrated 
fecal smears. Appropriateconcentration methods 
may enhance detection when small numbers of 
oocysts are present, but some methods such as 
formalin-ethyl acetate concentration may result 
in loss of many oocysts (52,53). While several 
enzyme-linked immunosorbent assay methods 
areavailablefor detect ion of fecal cryptosporidial 
antigen with 83% to 95% sensitivity in diarrheal 
specimens, these methods are less sensitive in 


formed specimens and require moreti me. M icro- 
scopy using immunofluorescence antibody is 
slightly moresensitiveand may be faster (54,55). 

Polymerase chain reaction (PCR) provides a 
new method that may help detect Cryptospori- 
di um in water suppi iesor asymptomatic carriers. 
A genomic DNA library has been constructed in 
the plasmid pUClSfor propagation in Escherichia 
coli. After sequencing a 2.3 kilobase C. parvum- 
specific fragment, a 400-base sequence with a 
unique Sty I site has been amplified by using 
primers of 26 nucleotides each (56). Laxer et al. 
then used a 20-base probe labeled with digoxigenin- 
11-dUTP todetect C. parvum DNA in fixed, paraf- 
fin-embedded tissue (57). In addition, primers for 
a 556 BP Cryptosporidium-specific region of the 
small subunit ISsribosomal RN A gene have been 
used toproducea PCR product with uniqueMael 
sitesthat distinguish C. parvumfromC. baileyi and 
C. muris (58). Available methods for detection of 
viable oocysts in environmental samples are rela- 
tively insensitive and under active investigation. 

Treatment and Prevention 

Despite numerous attempts at examining 
transfer factor, hyperimmunecolostral antibody, 
and morethan 100 anti parasiticand anti microbi al 
agents, few agents have shown modest benefit in 
controlled studies; paromomycin is one of them. 
Although this agent does not eradicate the para- 
site in immunocompromised patients, it slightly 
reduces parasitenumbers (from 314x 10®tol09x 10® 
oocysts shed per day) and decreases stool fre- 
quency, with a tendency toward improved Karnof- 
sky scores and reduced stool weight (59). I n view 
of its effectiveness in driving sodium cotransport 
(60) and its success in studies of experimental 
animals, we are examining a new approach to 
speeding repair of disrupted intestinal barrier 
function by using glutamine and its derivatives. 

The ability of the thick-walled oocysts to 
persist and spread in the environment and their 
wel I -documented resistancetochlori neare respon- 
sible for the spread of Cryptosporidium even in 
fully chlorinated water supplies that meet existing 
turbidity standards in drinking water and swim- 
ming pools. Although some scientists have noted 
that 9,600 parts per million (mg/I) of chlorine for 
one minute of exposure are requi red to decontami - 
natewater (14), others have noted that even after 
exposuretofull-strength household bleach (5.25% 
sodium hypochlorite; 50,000 parts per million) for 
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2 hours, the oocysts still remained infectious for 
experimental animals (15). WhileGiardia are 14 
to 30 times more susceptible to chlorine dioxide 
or ozone, respectively, ozone is probably the most 
effective chemical means of inactivating Crypto- 
sporidium oocysts (16). Consequently, eradication 
of the organism from drinking water supplies 
depends on adequate flocculation and filtration, 
rather than chlorination. Although previous 
turbidity requirements were based on the removal 
of larger parasitecysts such asthoseof Giardia 
Iambi ia or Entamoeba histolytica, the smaller C. 
parvum oocysts are more difficult to remove. 
Several waterborne outbreaks, including the 
recent outbreak in Milwaukee, have occurred 
with turbidity levels in the 0.45 to 1.7 nephelo- 
metry turbidity units (NTU) range. I n a study of 
water borneCTyptospori di osi s, predomi nantly among 
HIV-positive adults in Clark County, Nevada, 
Goldstei n et al . (1996) report that theoutbreak was 
associated with a substantial number of deaths 
and that theturbidityoftheimplicated water never 
exceeded 0.17 NTU (much lower than thenew stan- 
dard of 0.5 NTU required for 95% of measure- 
ments each month, with nospikes over 1.0NTU)(5). 

N ew approachestotheeradication of i nfectious 
oocysts from water supplies are needed, possibly 
using reverse osmosis, membrane filtration, or 
electronic or radiation methods, instead of the 
ineffectivechemi cal or difficult filtration techniques 
currently used. Ideally, these new methods would 
provide low cost, effective treatment that could 
be applied in developing areas as well. Mean- 
while, an improved understanding of the patho- 
genesis and impact of Cryptosporidium infections 
should aid thedevelopment of i mproved treatment 
and control of this ubiquitous, highly infectious 
threat to the water supply and to the people it 
serves, especially malnourished children and 
immunocompromised patients around the world. 
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Isolation and Phylogenetic 
Characterization of Ebola Viruses Causing 
Different Outbreaks in Gabon 


Three outbreaks of Ebola hemorrhagic fever have recently occurred in Gabon. 
Virus has been isolated from clinical materials from all three outbreaks, and nucleotide 
sequence analysis of the glycoprotein gene of the isolates and virus present in clinical 
samples has been carried out. These data indicate that each of the three outbreaks 
should be considered an independent emergence of a different Ebola virus of the Zaire 
subtype. As in earlier Ebola virus outbreaks, no genetic variability was detected 
between virus samples taken during an individual outbreak. 


Since the first recognized outbreaks of human 
Ebola virus hemorrhagic fever in Africa in the 
1970s, biological and genetic differences have been 
described among the four distinct Ebola viruses 
isolated: Zaire, Sudan, and Cote d'l voi re, all iso- 
lated from humans, and Reston vi rus isolated from 
macaque monkeys from the Philippines (1-5). 

Serol ogi c evi dence has suggested the presence 
of Ebola virus in Gabon si nee 1982 (6). Si nee I ate 
1994, threeapparently i ndependent outbreaks of 
Ebola virus hemorrhagic fever have occurred 
among humans in northeastern Gabon, in the 
forested areas of equatorial Ogooue-I vindoprovi nee. 
Thefirst, which started in December 1994 in gold- 
panner encampments of far northeastern Gabon, 
in the Minkouka area (between 1°24' and 1°44' 
North and 12°49'and 12°59'East, Figurel)near 
the Nouna River, had several laboratory-con- 
firmed cases (7). The second, which began in early 
February 1996 in May! bout village (1°07' North, 
13°06'East, Figurel)onthel vindoRiver, resulted 
in 37 Ebola hemorrh agio fever cases (8). Theonly 
means of transportation between these two areas 
is by boat; Makokou, the closest town to them 
(0°33' North, 12°50' East, Figure 1), has the 
provincial hospital towhich patients and contacts 
were transferred. The third outbreak, which is 
ongoing, started in J uly 1996 in the village of 
Booue (0°06' South, 11°57' E ast, F igure 1), where 
most of the cases occurred; however, scattered 
cases have been diagnosed in surrounding 
villages and towns. Some patients have even 
been transported to L i brevi 1 1 e, probabi y dur i ng the 
incubation period of the disease. One patient was 
treated in South Africa, where a fatal noso- 
comial infection was subsequently reported in a 
health careworker (9,10); 43 deaths due to Ebola 


hemorrhagic fever have already been reported 
during this prolonged outbreak (11). 

We report here the Ebola virus glycoprotein 
(GP) gene sequences obtai ned from human sam- 
ples collected during each of the three Gabonese 
epidemics. TheGab280sequencecomesfrom blood 
col lected 1 day beforethedeath of a patient, from 
the Nouna area, during the 1994 outbreak. The 
Gab282 and Gab283 sequences were derived 
from blood collected during the spring 1996 



Figure 1. Geographic distribution of the three Eboia 
virus hemorrhagic fever epidemics and site of the 
infected chimpanzee in Gabon. 
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outbreak, from two primary patients who were 
i nfected whi I e butcheri ng a chi mpanzeethey found 
dead in the forest. The Gab281 sequence was 
derived from blood collected from what appears 
to have been a secondary case during the same 
outbreak; the patient was probably i nfected by con- 
tact with oneof the index patients whilevisiting 
a traditional doctor (nganga) who lived near 
Mayibout village. Sequences Gab275 to Gab279 
were derived from blood sped mens col I ected from 
two patients during the fall 1996 outbreak: 
Gab275, Gab276, and Gab277 sequences are from 
one patient (a serum specimen collected on 
October 27, a primary tissue culture passage from 
that specimen, and a primary tissueculture pas- 
sage from another blood sample drawn on 
October 25, respectively). TheGab278 and Gab279 
sequences were derived from plasma (collected 
during the acute phase of illness) from another 
patient and its primary tissue culture passage, 
respectively. The isolation of Ebola virus in Vero 
E6 cell culture from human blood samples 
collected during the three different outbreaks 
was easily accomplished in a single passage. 

RNA was extracted from blood or primary 
tissue culture samples (Table 1) by using a com- 
mercial kit (RNaid Kit , BIO 101, 1 nc, Vista, CA) 
as directed by the instruction manual. Viral 
sequences were amplified from RNA by using the 
reverse transcriptase-polymerase chain reaction 
(RT-PCR) technique, and DNA products were 
sequenced as described elsewhere (5). 

Briefly, amplified products were 
subjected to agarose electrophoresis 
and were stained and visualized with 
ethidium bromide; DNA bands were 
then excised and extracted by using 
the OIAEX II kit (OIAGEN, Inc, 
Chatsworth, CA). In some cases, 
nested PCR with internal primers 
was performed, using first-round 
products. Amplified products were 
directly sequenced by using an 
automated nonisotopic method (ABI 
PRISM dye-terminator cycle sequenc- 
ing kit, Perkin-Elmer, Foster City, 

CA). Centri Sep columns (Princeton 
Separation, I nc.) were used to remove 
excess dye- 1 a bel ed d i deoxy n u cl eot i de 
terminators, and reaction products 
were analyzed on an ABI 377 or 373 
DNA sequencer (Perki n-E I mer). 


I nitially, a 783-base-pai r fragment of theGP 
gene, which encompasses the most variable region 
of the gene, was sequenced. A consensus sequence 
was established by aligning all the Ebola from 
Gabon, the Zaire 1976 and 1995 Ebola virus 
sequences, as well as the sequence of the virus 
obtained from a nurse in South Africa who was 
infected by a patient from Gabon in November 
1996 (10). Viruses from the same outbreak had 
identical sequences, but unique virus sequences 
were found in each of the three different out- 
breaks in Gabon. Although the viruses causing 
the Gabonese outbreaks clearly belong to the 
Zaire subtype, they were distinct from viruses 
that had caused disease in Zaire. No differences 
were observed between tissue-culture-passaged 
and cl i ni cal -materi al-derived sequences or between 
primary or secondary case sequences. RNA 
extracted from a single representative of each 
outbreak (sequences Gab277, Gab280, andGab283) 
was then used to generate the entire GP gene 
sequence for the Gabon Ebola viruses. The GP 
fromtheGabon spring 1996 viruses differed from 
the sequence of the Gabon fall 1994 viruses by 
four nucleotides. The GP sequence from the 
Gabon fall 1996 viruses differed from the 
sequence of the Gabon spring 1996 virus by four 
additional nucleotides (Figure2). 

M axi mum parsi mony analyses were performed 
by using the entire coding regions of theGP genes 
of the Gabon viruses, together with those of 


Table 1 . Origin and identification of the sequence used in the analysis 


Outbreak 

Patient 

# 

Sped men 

Date of 
original 
sped men 

Laboratory 

# 

Gabon, Fall 94 

1 

Blood 

Dec 28,94 

Gab280 

Gabon, 

1 

Blood 

Feb 20,96 

Gab281 

Spring 96 

2 

Blood 

Feb 8,96 

Gab282 


3 

Blood 

Feb 8,96 

Gab283 

Gabon, 

1 

Serum 

Oct 27,96 

Gab275 

Fall 96 


Vero E 6 





Passage 1 Oct 27,96 

Gab276 



Vero E 6 





Passage 1 Oct 25,96 

Gab277 


2 

Plasma 

Oct 27,96 

Gab278 



Vero E 6 





Passage 1 Oct 27,96 

Gab279 

South Africa, 

1 

Vero E 6 



Fall 96 


Passage 1 

. Nov 9,96 

SA253 


Emerging Infectious Diseases 


60 


Vol. 3, No. 1 — January-March 1997 



Dispatches 


previously characterized Ebola viruses (5). In 
addition, the sequence of a 1980 Marburg virus 
isolate (Musoke strain) was included to provide 
an outgroup in the analysis. The Phylogenetic 
Analysis U si ngParsi mony version 3. 1.1 software, 
using the branch-and-bound search option (12), 
was run on a Power Macintosh 8100/110 (Apple 
Computer, Inc). A 4:1 transversionitransition 
weighting was used in analyses. A single most 
parsimonious tree was obtained (Figure 2), and 
bootstrap analysis strongly supports a common 
evolutionary origin for the viruses associated 
with disease in Gabon and Zaire. Overall, these 
data indicate that the three Gabon outbreaks 
should be considered independent events, likely 
originating from different sources. 


17 


Gabon '96 (Oct.) 
ri Gabon '96 (Feb.) 
^ Gabon '94 


( 98 ) 


17 

( 100 ) 

( 98 )/ 


( 100 ) 


Gabon '96 (oct.) 
Gabon '96 (Feb.) 

1 Gabon '94 
6 Zaire '95 
,, Zaire '76 
Cote d'ivoire '94 


( 100 ) 


( 97 ) 


( 100 ) 


( 96 )' 


( 100 ) 


Sudan '79 
Sudan '76 

] Reston '92 

(Siena) 

Reston '92 

(Philippines) 

Reston '89 


I Marburg '80 

Figure 2. Phylogenetic tree showing the relationship 
between the E bol a vi ruses that caused outbreaks of di sease 
i n Gabon and previ ously descri bed fi I cvi ruses (5). Theenti re 
oodi ng regi on for theglycoprotei n geneof thevi ruses shown 
was used in maximum parsimony analysis, and a single 
most parsimonious tree was obtained. Numbers in 
parentheses indicate bootstrap oonfidenoeval uesfor branch 
points and were generated from 500 replicates (heuristic 
search). Branch length valuesarealsoshown. 


The presence of stable virus sequences and 
the lack of genetic variability between strains 
isolated within an outbreak was previously seen 
during the outbreak of Ebola hemorrhagic fever 
in Kikwit, Zaire, in 1995 (Rodriguez et al., 
unpublished data), and despitethe small number 
of isolates tested, is again suggested in Gabon. 


During a 20-month period, Gabon has had 
three different outbreaks of Ebola virus hemor- 
rhagic fever. The first and the second episodes 
apparently started during the rainy season 
(December and February), whilethethird began 
during the dry season (J uly). The deaths of non- 
human primates were associated with all three 
outbreaks. Minkouka area inhabitants reported 
fi ndi ng dead chi mpanzees and gori 1 1 as i n the forest 
duri ng the fal I of 1994. Al I the pri mary human 
patients in the spring 1996 outbreak were i nfected 
while butcher! ng dead chi mpanzees. F or the third 
outbreak, the investigation has indicated an 
index patient who was a hunter, livingin aforest 
camp in theBoouearea. Duringthesameperiod, 
an Ebola virus-infected dead chimpanzee was 
found in theforest (0°11' South, 11°36' East) near 
Booue; Ebolavirusinfection inthechimpanzeewas 
confirmed using a newly developed immuno- 
histochemical Ebola skin biopsy test (Figure 3). 



Figures. I mmunostaining of Ebola virus antigens (red) 
within vascular endothelial cells in skin biopsy of the 
chimpanzee found dead in theforest near Booue Note 
alsothepresenceof extracellular viral antigens. (Rabbit 
anti -Ebola virus serum, napthol/fast red with hematoxy- 
lin counterstain, original magnification x250). 


Vol. 3, No. 1 — January-March 1997 


61 


Emerging Infectious Diseases 




Dispatches 


A long term surveillance for Ebola virus using 
this test is under way in Africa (13,14). 

I n Coted'l voire in 1994, an investigator was 
infected with Ebola virus while performing 
necropsy on a dead chimpanzee (15). Primates 
are uni i kely to bethe reservoi r of E bola vi rus si nee 
experimental or natural infection isquicklyfatal. 
A better knowledge of the ecology of great apes, 
particularly their food preferences and habitats, 
may I ead to t he i dent i f i cat i on of t he vi r us reservoi r . 
Gabon 's equatori al forests, whereth ree i ndependent 
outbreaks have occurred in less than 2 years, offer 
an excellent opportunity for these investigations. 
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The Epidemiology of Creutzfeldt-Jakob 
Disease in Canada: 

A Review of Mortality Data 

Creutzfeldt-Jakob disease (CJD), and particularly its transmissibility through blood and 
blood products, has become a focus of concern in Canada. The recent identification of 
new variant CJD led to a review of the Canadian mortality database to identify any 
clustering of CJD by age, sex, or geographic location. 


The study by Hoinnan and colleagues (1), 
which uses mortality data andactivesurveillance 
methods, has provided further information on 
the epidemiology of Creutzfeldt-J acob disease 
(CJ D). The study concluded that the incidence of 
the disease in the United States has remained 
stable and is similar to crude incidence world- 
wide at about one case per million annually. In 
addition, the study found no evidence that new 
variant CJ D is present in the U.S. population. 
These findings are of interest because the epi- 
demiology of CJ D in Canada is not well described, 
and concerns have been raised there about the 
transmissibility of CJ D through transfusion of 
blood and blood products or through tissue and 
organ transplants. I n addition, many Canadians 
travel to and from the U nited K i ngdom, where new 
variantCJ D was first identified and I inked to the 
bovine spongiform encephalopathy epidemic (2). 

We report here our findings on the epi- 
demiology of CJ D in Canada, which are derived 
from published mortality data (underlying cause 
of death by standard 5-year age group and sex, for 
all Canadian residents). The Statistics Canada 
mortal ity reports for theyears 1979 to 1993 were 
revi ewed for CJ D deaths by sex and age group for 
each provi nee and territory. Reports before 1979 
werenot used becauseCJ D (ICD-9code46.1) was 
not I isted as a cause of death before this ti me. 

Overall, 334 deaths attributed to CJ D were 
recorded in Canada in the 15-year period from 
1979 to 1993, rangi ngfrom 14 to 34 deaths per year, 
with a 1.1:1 male-to-female ratio (Figure 1). 
Eighty-five percent of the deaths were among 
persons at least 60 years of age and 50% among 
the 60- to 69-year-old age group, which corre- 
sponds to the peak age of onset of sporadic-type 
CJ D (3-5). Eleven deaths (3%) were reported 
among persons 30 to 44 years of age. Of these, one 
death was reported in the 30- to 34-year-old age 
group, four in the 35- to 39-year-old group, and 


the remaining six in the 40- to 44-year old age 
group. No more than one CJ D-attributed death 
was reported per year in the 30- to 44-year-old 
age groups, with the exception of two deaths 
reported in 1993. No CJ D deaths have been 
reported among persons under 30 years of age. 

Figure 2 shows the mortality rate for CJ D in 
Canada, standardized to the 1979 population. The 
age-adjusted mortality rate increases from a low 
of 1.1 deaths per million population in 1979 to a 
high of 2.1 per million in 1992, dropping to 1.8 per 
million in 1993. The increase is most marked from 
1986 onward. This may be related to increased 
case recognition following publication of thedis- 
covery that CJ D was linked to human growth 
hormone of pituitary origin. A real increase in 
incidence may also be present, butthisgraph must 
be interpreted with caution as the absolute num- 
bers are smal I and the val idity of CJ D on death 
certificates has not been determined in Canada. 

Familial-type CJ D has been documented in 
Canada (6,7). As i n other countries, most cases of 
CJ D in Canada areofthesporadictype(3-5). One 
caseof iatrogenicCJ D was reported in Canada, in 
a dura mater recipient (8). A review of the 
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Figure 1. Age and sex distribution for Creutzfeldt-Jakob disease 
in Canada, 1979-1993. 
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Figure 2. Age-adjusted mortality rate for Creutzfeldt- Jakob 
disease in Canada, 1979-1993. 


Canadian growth hormone recipient database, 
containing information on the 800 patients who 
received human growth hormoneshows no cases 
of CJ D (Dr. Heather Dean, pers. comm., 1996). 
Human growth hormone was used in Canada 
from 1965 until April 1985 (9). 

T here i s one report of a possi bl e cl uster of CJ D 
cases i n Canada; between Apri 1 1989 and October 
1990, six cases were reported in the province of 
Ontario, from a population of 9.5 million (1986 
census figure). T woof the patients had come from 
areas of Czechoslovakia with a high incidence of 
familial-type disease, but no other risk factors 
were associated with these cases (7). 

In conclusion, the epidemiology of CJ D in 
Canada is not wel I defi ned, as current data sources 
are limited to aggregated mortality data and the 
annual total case numbers are small. However, 
several projects have been initiated to provide fur- 
ther information on the transmission of the 


disease, including an examination of death cer- 
tificates to identify space/time clustering, active 
surveillancefor CJ D and new variant CJ D,anda 
case control study of CJ D and blood transfusion. 

Elizabeth Stratton, Maura N. Ricketts, 
and Paul R. Gully 

Laboratory Centre for Disease Control, Health 
Canada,Ottawa, Ontario, Canada 
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Exudative Pharyngitis Possibly Due to 
Corynebacterium pseudodiphtheriticum, 
a New Challenge in The Differential 
Diagnosis of Diphtheria 

Corynebacterium pseudodiphtheriticumhas rarely been reported to cause disease 
in humans, despite its common presence in the flora of the upper respiratory tract. We 
report here a case of exudative pharyngitis with pseudomembrane possibly caused by 
C. pseudodiphtheriticum in a 4-year-old girl. The case initially triggered clinical and 
laboratory suspicion of diphtheria. Because C. pseudodiphtheriticum can be easily 
confused with Corynebacterium diphtheriae in Gram stain, clarification of its role in the 
pathogenesis of exudative pharyngitis in otherwise healthy persons is of public health 
importance. Simple and rapid screening tests to differentiate C. pseudodiphtheriticum 
from C. diphtheriae should be performed to prevent unnecessary concern in the 
community and unnecessary outbreak control measures. 


Among the pathogenic nondiphtheria coryne- 
bacteria, Corynebacteri urn pseudodi phtheriticum 
has rarely been reported to cause disease in 
humans, despite its frequent presence! nthefi ora 
of theupper respiratory tract (1,2). C. pseudodi ph- 
theriticum was first isolated in humans by Von 
Hoffmann-Wellenhoffromthethroat of a patient 
in 1888 (2). The organism exhibits little pleomor- 
phism. 1 1 appears as short gram-positive rods that 
often lie in parallel rows on smear preparation. 
Wereport herea case of exudative pharyngitis in 
a 4-year-old girl with a pseudomembrane possibly 
caused by C. pseudodiphtheriticum, which initially 
triggered suspicion of diphtheria, and provide a 
summary of previously pubi ished case reports. 

Case Report 

On November 6, 1994, a 4-year-old girl was 
admitted to the Emergency Room of St. Mary's 
H ospital i n Rogers, Arkansas, with fever and gene- 
ralized lymphadenopathy. Two other children in 
her home day care, including the patient's sib- 
ling, alsohad lymph node enlargement and fever. 
H er mother reported that the patient had not been 
immunized against any of the common childhood 
diseases but had an unremarkablemedical history, 
with theexception of hand-foot-and-mouth di sease 
at 3 years of age; she had never received anti bio- 
tics. Her developmental milestones were achieved 
on time. The family included the patient, her 
mother, father, and a 3-year-old sibling. 

The patient's posterior pharynx was 
erythematous with swelling of the posterior 


palate and with a thick grayish white mem- 
branousexudateadheringtotheposterior wall of 
the pharynx. The pseudomembrane had almost 
completely detached and was gone, leaving 
behind ulcerated tissue. A discrete adenopathy in 
the neck and palpable nodes in the axillary, 
epitrochlear, and inguinal regions were observed. 

The initial white blood cell count was 7,000 
per ml, with 50%polymorphonuclearcellsand 17% 
lymphocytes. A rapid screening test for group A 
streptococci and a Paul-Bunnell test for Epstein- 
Barr virus had negative results. Routine throat 
and nasopharyngeal swabs werecol lected and sub- 
mitted to the hospital's clinical microbiology 
laboratory, where they were injected into blood 
agar and blood chocolate agar (special media for 
diphtheria culture were unavailable). From the 
throat swab, there was light growth of Strepto- 
coccus pneumoniae and light growth of gram- 
positive rods; a mixture of normal flora was also 
present. Gram-positive rods were also isolated 
from the nasopharyngeal swab. Subsequently, 
when subcultured on cystine-telluriteagar, these 
gram-positive rods grew as black colonies. 
Subcultures werethen sent to the state laboratory, 
whichconfirmedthemasC. pseudodiphtheriticum. 
After ambulatory treatment with cefprozil and 
erythromycin, the patient recovered in 4 days. 

Investigation of Contacts 

Because of its resemblance with C. diphtheriae 
a C. pseudodiphtheriticum isolatewas not imme- 
diately identified, and the case was initially 
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thought to be diphtheria. Consequently, 36 
children and adults who had recently been in 
contact with the patient in daycare, atthefitness 
center, or at the church were cultured for 
diphtheria. C. diphtheriaewas not found, but C. 
pseudodiphtheriticum was found in the patient's 
3-year-old sibling and in three additional per- 
sons: a 1-year-old girl and her 3-year-old brother, 
who lived in thesame building as the patient and 
shared her day care, and a 54-year-old woman 
who attended the same church. 

Microbiology and Molecular 

Characterization 

TheC. pseudodiphtheriticumisolatefromthe 
initial patient was forwarded to the Centers for 
Disease Control and Prevention (CDC), where it 
was assayed by phenotypic and genotypi c methods. 
The identification was confirmed on the basis of 
growth characteristicsand biochemical properties. 
The isolate was assayed by polymerase chain 
reaction (PCR), which detects 248 base pair 
fragments of the A subunit of the diphtheria 
toxin gene (3), and the result was negative. 
Additional PCR assays were performed with 12 
sets of primers that cover the entire diphtheria 
toxin gene (tox) and diphtheria toxin regulatory 
element (dtxR); 560 base pairs of the dtxR were 
detected. However, the PCR results of its five 
prime and three prime ends were negative, 
indicatingthat the gene was nonfunctional. 

Previous Case Reports^ 

Since 1932, only 83 cases of disease possibly 
caused by C. pseudodiphtheriticum in humans 
have been reported. Until 1981, theonly reported 
disease associated with this organism was 
endocarditis in the presence of anatomic abnor- 
malities of the heart. Since then, this organism 
has been i ncreasi ngly recogni zed as a pathogen of 
the lungs and bronchi, particularly in patients 
with underlying immunosuppressive conditions 
and preexisting pulmonary diseases and in 
patients undergoing endotracheal intubation. 

Among reported cases, 19 were endocarditis 
(4-17); 61 involved infections of the lungs, 
trachea, or bronchi (18-32); one was a urinary 
tract infection (33); one involved a skin infection 
(34); and one was a vertebral discitis (35). All but 
threepatientshad underlying medical conditions. 


including functional or anatomic abnormalities 
of the heart (N=27), lung and tracheobronchial 
diseases (N =28), endotracheal i ntubations (N =3), 
and immunosuppressive conditions including 
prolonged steroid use (N =6) and Al DS (N =4). 

Most patients showed good clinical response 
to various antimicrobial drugs: penicillin, ampicil- 
lin, cefazolin, vancomycin, gentamicin, tobra- 
mycin, norfloxacin, and others. Nineteen (23%) 
deaths were reported overall. I nformation on sex 
was available for 80 cases; 54 (68%) were in 
males. Only five (6%) cases occurred in children 
<18 years of age; no cases were reported among 
children <5 years of age. 

Sincetheearly 1990s, diphtheria has returned 
in epidemic proportions in the former Soviet 
Union and is likely to be imported into other 
countries. Two cases of exudative upper res- 
piratorytract infectionswith a pseudomembrane, 
in which the main organism isolated was C. 
pseudodiphtheriticum, have been reported. The 
first case was in a 54-year-old man with necro- 
tizing tracheitis in 1991 (32). Santos et al. (36) 
reported isolation of C. pseudodiphtheriticum 
from a 32-year-old male Uzbek national who had 
a severe sore throat and dysphagia of 2 days 
duration. His tonsils were enlarged bilaterally, 
and a grayish-white exudate extended from the 
tonsil tothe posterior pharyngeal wall. The uvula 
and soft palate were erythematous and edema- 
tous, and tender cervical lymphadenopathy was 
present. The presumptive clinical diagnosis in 
this patient was respiratory diphtheria. 

Although the presence of a grayish pseudo- 
membrane in the upper respiratory tract asso- 
ciated with isolation of C. pseudodiphtheriticum 
in thesetwocasesand in thecasewedescribed is 
not proof that the i sol ated corynebacter i u m caused 
the pharyngitis or tracheitis, these accumulating 
case reports suggest that C . pseudodi phtheriticum 
may have played a pathogenic role. 

T he i sol atef rom ou r pat i ent was nontoxi gen i c 
by PCR. The diphtheria toxin is considered to be 
the main virulence factor of C. diphtheriaethat 
causes the formation of the pseudomembrane in 
faucial diphtheria (37). Several possibilities could 
explain the presence of a pseudomembrane in 
infections with nontoxigenic corynebacterium 
strains. First, toxigenic and nontoxigenic colonies 


'A table listing all published case reports is available upon request from Dr. Hector Izurieta, Mail Stop A32, Centers for Disease Control and 
Prevention, 1600 Clifton Rd., Atlanta, GA 30333. 
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of the same species can coexist in a patient; this 
phenomenon has been reported in diphtheria 
(38). Muitipiecoionies would have to detested to 
confirm this hypothesis in this case. Second, 
nontoxigenicformsof C. diphtheriaecan produce 
invasive disease (39,40). It is possible that the 
symptoms in our patient were caused by a non- 
toxigenic C. pseudodiphtheriticum and that the 
pseudomembrane was simply an inflammatory 
exudate. This has been reported for Arcanobact- 
erium haemoliticum (formerly Corynebacterium 
haemoliticum), which has also been associated 
with production of a grayish pharyngeal pseudo- 
membrane (41,42). In 1960, Barksdale et al. 
reported a pseudomembrane in two laboratory 
workers contaminated with known nontoxigenic 
forms of C. diphtheriae (43). Third, we cannot 
exclude the possibility that the symptoms were 
caused by other organisms, including S. pneu- 
moniae which was found in thethroat cultureof 
our patient (29). However, this is unlikely because 
the growth of S. pneumoniae in our patient's 
throat culture was light, and the organism was 
not found in the nasopharyngeal swab. 
Furthermore, S. pneumoniae has not been 
reported to produce a pseudomembrane (44,45). 

Because several other Corynebacterium spp. 
have been identified as potentially pathogenicfor 
humans, routinescreeningfor C. diphtheriaeand 
other members of the Corynebacterium spp. in 
clinical samples of patients with respiratory 
infections should beencouraged (46). Full identi- 
fication of gram-positive rods isolated from the 
respi ratory tract, especi al ly when they appear on 
original plates as the predominant organisms or 
copredominant with another species, should be 
carried out at the local, state, or reference level. 
Si mplesCTeeni ngtests, such as negati vecystei nase 
and positive pyrazinamidase, in addition to 
inabilitytoferment glucose, maltose, and sucrose 
quickly differentiate C. pseudodiphtheriticum from 
C. diphthaiae These tests should be a part of 
improvedtrainingof laboratory personnel. Clini- 
cal and laboratory experience gained through 
this process will not only provide information 
about death rates for these organisms, but would 
beinvaluablein preventing unnecessary concern 
i n thecommunity and theextraordi nary measures 
needed to control dissemination of diphtheria. 
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Mycoplasmal Conjunctivitis in Wild 
Songbirds: The Spread of a New Contagious 
Disease in a Mobile Host Population 

A new mycoplasmal conjunctivitis was first reported In wild house finches [Carpodacus 
mexicanus) In early 1 994. The causative agent was Identified as Mycoplasmagallisepticum 
(MG), a nonzoonotic pathogen of poultry that had not been associated with disease In wild 
songbirds. Since the Initial observations of affected house finches In the mid- Atlantic region, 
the disease has become widespread and has been reported throughout the eastern United 
States and Canada. By late 1995, mycoplasmal conjunctivitis had spread to an additional 
species, the American goldfinch {Carduelis tristis). This new disease exemplifies the rapid 
spread of a pathogen following Introduction Into a mobile wildlife population and provides 
lessons that may apply to emerging human diseases. 


I n February 1994, housefincheswith swollen 
or crusty eyelids and impaired vision were 
observed at backyard bird feeders in suburban 
Washington, D.C. (1). Severely affected birds 
lingered on bird feeders or on the ground sur- 
rounding the feeders. These birds had chronic 
lymphoplasmacytic conjunctivitis, sinusitis, and 
rhi nitis. M iaoorganisms resembi i ng mycopi asmas 
were adhering to conjunctival epithelium, and 
M ycopi asma gal I i septicum (M G ) was i sol ated from 
affected tissues (2,3). A Maryland field survey of 
MG in housefinches in I ate 1994 showed a strong 
association between conjunctivitis and MG by 
culture and polymerase chain reaction (PGR) (3). 
Subsequently thediseasewas reproduced by i nocu- 
lation of unaffected housefinches with a finch- 
derived MG isolate(Fischer, unpublished data). 

Si nee the first reports from the mid-Atlantic 
states, mycoplasmal conjunctivitisin housefinches 
has spread rapidly tothe north, south, and west. 
Thediseasewas first monitored by wildlife bio- 
logists with state and federal wildlife resource 
agencies, and by October 1994, affected house 
finches had been reported in nine states in the 
mid-Atlanticregion (Figure). Beginningin Novem- 
ber 1994, backyard sightings of healthy and 
diseased housefinches have been recorded by pri- 
vate citizens participating in a survey conducted 
by theCornell Laboratory of Ornithology (4). The 
percentage of participants reporting diseased 
house finches has steadily increased since the 
survey began: Housefincheswith conjunctivitis 
were reported by 11% of 1,413 participants in 
November 1994, by 17.3% of 1,239 participants in 
March 1995, by 28.1% of 769 participants in 
N ovember 1995, and by 35.8%of 1,047 parti ci pants 


in March 1996. Most reports in November 1994 
camefromthemid-Atlanticregion, and30%to40% 
of survey participants in this area had reported 
diseased finches through March 1996. The sur- 
vey also has documented the dramatic spread of 
disease to housefinches i n theM idwest and South- 
east (Figure). I n November 1994, diseased finches 
were reported by only 0.4%of 229 participants in 
these regions, but by M arch 1996, the percentage 
had cl imbed to 37% of 257 part id pants. Mycoplas- 
mal conjunctivitis now has been reported almost 
throughout the eastern population of house 



S Additional states and provinces reporting diseased house finches 
through June 1996 

Figure. Case distribution of house finches with 
conjunctivitis, October 1994-J unel996. 
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Table. Test results for Mycoplasma gallisepticum In house finches and American goldfinches, Southeastern 
Cooperative Wildlife Disease Study, May 1994-June 1996 


State of 
Origin 

Species 

Number 

Conjunctivitis 

Rhinitis 

Mycoplasma gallisepticum^ 

Bilateral 

Unilateral 

1 sol ati on 

PCR 

Serol ogy‘’ 

AL 

H ouse fi nch 

1 

1 

0 

1 

0/1 

1/1 

0/0 

GA 

H ouse fi nch 

6 

3 

3 

2 

3/6 

3/3 

6/6 


Am. goldfinch 

2 

1 

1 

0 

0/2 

2/2 

2/2 

KY 

H ouse fi nch 

2 

1 

1 

2 

1/2 

2/2 

2/2 

MD 

H ouse fi nch 

9 

4 

5 

6 

0/7 

6/6 

6/6 


Am. goldfinch 

1 

1 

0 

0 

0/1 

1/1 

1/1 

OH 

H ouse fi nch 

1 

1 

0 

1 

1/1 

0/0 

0/0 

SC 

Am. goldfinch 

1 

1 

0 

0 

0/1 

1/1 

0/0 

TN 

H ouse fi nch 

12 

9 

3 

6 

2/7 

2/2 

4/6 


Am. goldfinch 

1 

1 

0 

1 

0/1 

0/1 

0/0 

TOTALS 

H ouse fi nch 

31 

19 

12 

18 

7/24 

14/14 

18/20 


Am. Goldfinch 

5 

3 

1 

1 

0/5 

4/5 

3/3 


® Data are presented as number positive/number tested. 
Positive = 2+on rapid plate agglutination test. 


finches. No diseased birds have been reported 
within the western population of house finches, 
which occupies the historic range of this species. 

House finches are native to the western 
United States, wherethey werecaptured during 
the 1930s for sale in eastern pet shops. House 
finches were released in New York City in the 
early 1940s when regulations regard! ngthecom- 
mercial tradeof domestic songbirds changed. The 
first nesting pair of house finches was observed 
on Longl sland in 1943, and by 1951thearea held 
an estimated 280 birds (5). The eastern house 
finch population has expanded dramatically from 
theoriginal limited number of birds in NewYork; 
it currently contains millions of finches over the 
entire eastern and midwestern United States 
and southeastern Canada (6). 

Mycoplasmal conjunctivitis apparently has 
spread to another wild finch species in the eastern 
U nited States. Duri ng the wi nter and spri ng of 
1995 to 1996, American goldfinches with inflamed 
eyelids were reported within the range of 
diseased house finches in Georgia, Maryland, 
North Carolina, South Carolina, and Tennessee. 
The goldfinches had lesions identical to those of 
house finches with mycoplasmal conjunctivitis, 
and in March 1996, MG was isolated from two 
diseased goldfinches from North Carolina (7). 

H ousefi nches and goldfi nches weresubmitted 
for diagnostic laboratory examinations during 
this epornitic. At the Southeastern Cooperative 
Wildlife Disease Study, gross and microscopic 
postmortem examinations, serologic tests for 
anti bodies against MG (3), mycoplasmal cultures. 


and PCR testing for MG (3) were performed on 31 
house finches and five goldfinches from seven 
states (Table). Consistent pathologic findings in 
both species included moderate to severe lympho- 
plasmacyticconjunctivitisoften with hyperplasia 
of associated lymphoid and epithelial tissues, and 
rhinitis. Occasionally, keratitisandtracheitiswere 
observed. Antibodies against MG were detected 
by rapid plateaggi uti nation tests in 91%of tested 
birds, and positive PCR products were obtained 
from 95% of birds tested. MG was isolated from 
only 24% of birds cultured; this percentage pro- 
babl y refi ects thefasti diousness oft best rain affect- 
i ng wi Id fi nches and thecondition of thespeci mens. 

MG is a major pathogen of domestic poultry 
and causes infectious sinusitis in turkeys, chronic 
respiratory disease in chickens, and subclinical 
infections (8). MG also has been associated with 
conjunctivitis in chickens (9) and farmed game- 
birds (10). Clinical disease had not been asso- 
ciated with MG in wild passerine birds, although 
MG (11) and anti bodies against MG (12) have been 
detected in these bi rds. I nfections in poultry persist 
despite antimicrobial treatment or the develop- 
ment of anti body response; MG can betransmitted 
by di rect contact, by ai rborne dropi ets or dust, and 
vertical ly through eggs (8). L i keother mycopi asmas, 
MG can alter itsantigenicsurfacecomponentsin 
vivo. This feature may contribute to its ability to 
persistently i nfect by adapt! ng tothe host envi ron- 
ment and evadi ng the host immune response (13). 
The possible role of this antigenic variation in the 
adaptation to new host species is unknown. 
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The source of the MG affecting house finches 
and goldfinches and its introduction into the east- 
ern house finch population are under investiga- 
tion. Field isolates of MG collected during 1994 
through early 1996 from housefinches, goldfinches, 
and domestic poultry; three poultry vaccine 
strai ns of M G; and three poultry reference strai ns 
of MG were analyzed by random amplification of 
polymorphicDNA (7). Molecular characterization 
showedthat isolates from both finch species over 
a wide geographic range had identical or nearly 
identical random amplification of polymorphic 
DNA banding patterns, but they differed from 
referencestrains, vaccinestrai ns, and isolates from 
commercial poultry (7). These results suggested 
that thefi nch epornitic arosefrom a si nglesource 
and was caused by an M G strai n that differed from 
strains commonly associated with poultry disease 
or vaccination. The ultimate source of the out- 
break strain remains unknown; however, molecular 
studies havenot shown any relationship between 
wildfinch and poultry strai ns of MG (7). Possible 
sources of MG include unrecognized reservoirs of 
MG in the wild or small poultry operations with 
poor bi osecu r i ty , such as backyard ch i cken f I ocks. 

The remarkable spread of mycoplasmal con- 
junctivitis in wild finches probably reflects both 
bird behavior and human activity. Housefinches 
arewell adapted to human land use practices; they 
nest and feed in open areas around buildings and 
farms, as well as in suburban settings with orna- 
mental trees and shrubbery. They eat weed and 
grass seeds, as well as fruits and berries of flower- 
ing trees and shrubs. During the winter, house 
finches flock around backyard bird feeders (5). 
Although precise MG transmission modes are 
unknown, the propensity of this highly gregarious 
species to assemble at bird feeders may enhance 
contact with infected birds or with surfaces con- 
taminated with the causative agent. Unliketheir 
western counterparts, housefinches within the 
eastern range of the species may mi grate several 
hundred miles (14) and thus disseminate an infec- 
tious agent over a large geographic area. 

I ntentional and unintentional ecologic changes 
may havecontributed significantly tothecurrent 
mycoplasmal conj unctivitis outbreak. Theaffected 
species was introduced into a new range, and the 
birds have flourished because they prefer the 
areasthat humans i ncreasi ngly provide. Although 


the eastern house finch population is large and 
widely distributed, the limited genetic pool from 
which it descended may havecontributed to its 
apparently high susceptibility toMG.Thecausa- 
tive agent is best known for its association with 
domestic poultry, and its spread through house 
finches appears to have been enhanced by bird 
feeders, which not only provide an opportunity for 
i ncr eased contact between i nfected and uni nfected 
bi rds, but al so may prolong the I i ves of i nfectious, 
diseased birds that otherwise would not have 
been able to feed. The combination of these and 
other unknown factors has resulted in the emer- 
gence of a severe infectious disease that has 
spread rapidly through the susceptible host popu- 
lation and could become permanentlyestablished 
in housefinches and possibly other species. 

Even though human activity has contributed 
to the emergence of this disease, human effortsto 
control it have not been successful. Treatment 
and immunization strategiestocontrol infectious 
human and domestic animal diseases are not 
available, and if they were aval I able, they would 
likely be impractical and costly. Treatment and 
subsequent release of individual birds in reha- 
bi I itation fad I ities is of questionable val ue because 
the effect may be minimal on a population basis. 
Furthermore, it is unknown if birds released 
after treatment remain persistently infected with 
MG. Moreover, the presence of multiple avian 
species in a rehabilitation clinic may enhancethe 
transmission of MG toother species (2). 

The current epor n i t i c of mycopi asma I con j u n c- 
tivitis in house finches has some interesting 
parallels to emerging human diseases, particu- 
larly regarding thesubstantial roles that human 
activity, ecologicchanges, andtheintroduction of 
exotic species may play in the emergence of 
infectious disease. Additionally, the impressive 
speed at which this pathogen moved through the 
house finch population illustrates how rapidly a 
pathogen can bedisseminated throughout a large 
geographic area within a highly gregarious and 
mobile host population. Finally, the lack of 
suitable control methods for MG in house finch 
populations and the inability to correct theeco- 
I ogi c condi ti ons that cont ri buted to its emergence 
providestrong support for preventive rather than 
reactive measures i n deal i ng with the next poten- 
tial wildlife or zoonotic disease. 
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Knowledge-Based Patient Screening for Rare 
and Emerging Infectious/Parasitic Diseases: A 
Case Study of Brucellosis and Murine Typhus 

Many infectious and parasitic diseases, especially those newly emerging or 
reemerging, present a difficult diagnostic challenge because of their obscurity and 
low incidence. Important clues that could lead to an initial diagnosis are often overlooked, 
misinterpreted, not linked to a disease, or disregarded. We constructed a computer- 
based decision support system containing 223 infectious and parasitic diseases and 
used it to conduct a historical intervention study based on field investigation records of 
200 cases of human brucellosis and 96 cases of murine typhus that occurred in Texas 
from 1 980 through 1 989. Knowledge-based screening showed that the average number 
of days from the initial patient visit to the time of correct diagnosis was significantly 
reduced (brucellosis — from 17.9 to 4.5 days, p= 0.0001, murine typhus — from 1 1.5 to 
8.6 days, p = 0.001). This study demonstrates the potential value of knowledge-based 
patient screening for rare infectious and parasitic diseases. 


Knowledge-based nnedical decision support 
systems allow the user to relate clinical and 
laboratory manifestationsfrom which a list of pos- 
sible diagnoses can be generated. Studies have 
demonstrated that such a list is extremely useful 
for alerting clinicians and epidemiologists to 
diseases seen rarely, if ever, and to unusual clini- 
cal manifestations of diseases (1,2). 

This report describes the development and 
laboratory testing of a medical decision support 
system designed to facilitate early recognition of 
rareand unusual infectious and parasitic diseases. 
The assumption is madethat early diagnosis can 
improve the course of treatment as well as the 
overall health of the patient. 

Constructing a Knowledge Base 

In this study, the knowledge base was 
restricted to the 223 diseases common to humans 
and animals. Several disease information axes 
were identified for inclusion in the medical know- 
ledgebase. For each disease, nomenclature along 
with any recognized synonyms, etiology, epidemio- 
logic descriptions, diagnostic procedures, diag- 
nostic procedure findings, and clinical signs and 
symptoms were gathered and abstracted from 
recent editions of standard medical texts. I n addi- 
tion, occupational risks, food consumption data, 
travel history, and animal/insect exposure were 
included. Finally, basic treatment, management, 
and prevention protocols were also recorded 
(3-10). Bibliographic citations for all entries into 
the knowledge base weretied to each information 


axis to authenticate the content and provide a 
quick reference for additional reading. Glossaries 
of knowledge base entries (e.g., signs, symptoms, 
occupation, diagnostic procedure results, geo- 
graphy, animal/insect exposure) to be used in 
generating a differential diagnosis were created 
toensuretheconsistencyofthe lexicon. Audits were 
performed to validate the knowledge base entries 
against the glossaries. The resulting knowledge 
base contai ns the entri es listed in Table 1. A batch 


Table 1 . Knowledge base of 223 diseases at the time of 
case study 


Information 

axis 

Disease 

entities 

Lines 
of text 

Etiology 

410 


Epidemiology’’ 


9724 

1 mmu nodeficiency info 


352 

D i agnosti c procedures 

306 


D i agnosti c procedure 

637 


Occupational links'’ 

37 


Geographi c links (countri es)‘“ 

191 


Vectors/I nvertebrate hosts 

703 


Symptoms/Clinical signs 

1422 


T reatment/Prevention 


3162 

Special considerations'' 


308 

B i bl i ograph i c ci tati ons 

838 


Descriptive notes® 

322 



“’Includes specificetiolcgicinformation, reservoirs, portal of entry/ 
escape, mode of transmission/dissemination, susceptible hosts, 
incubation period, seasonal distribution, age^s©</rac^religicin/ 
occupation relationships, mortality and zoonotic classification. 
‘’Lists occupations with increased potential for exposure. 

‘“Lists countries where the disease is known to occur. 

‘‘Descri bes addi ti onal di sease attri butes not fitti ng other categori es. 
“Pop-up defi ni ti ons of medi cal terms and concepts i n the knowl edge 
base. 
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prcxedure indexing all findings to diseases for use 
by the inference engine resulted in more than 
12,000 fi ndi ng/disease I i nks. The i nferenceengi ne 
is the portion of the dec! si on support system used 
to derive useful clinical information (e.g., possible 
diagnoses). It is composed of nine program 
modules containing more than 10,000 lines of C 
languagecodelinked intooneexecutable program. 

Differential Diagnosis Methods 

The goal of the system is to remind the user 
of relationships between clinical signs, symptoms, 
and findings and the diseases themselves. 
Therefore, a simple, intuitive pattern-matching 
technique was employed. The user sets a 
"closeness-of-fit" parameter in the system that 
determines how tight the relationship between 
case signs/findings and diseases must be before a 
disease can becomea candidatefor the differential 
diagnosis list. A simple ratio is created with signs/ 
findings entered that fit each disease as the 
numerator andthetotal number of signs/findings 
entered as the denomi nator. The ratio ranges from 
zero to 1.00 with 1.00 implying a perfect fit. If 
this value is equal to or greater than the 
"closeness-of-fit" parameter set by the user (also 
ranging from zero to 1.00), the disease is entered 
in the differential diagnosis list as a candidate. 
The ratio for each disease shows how close the 
clinical manifestations areto previously published 
descriptions of thedisease. For example, if seven 
clinical signs and findings are collected on a case 
and six fit a particular disease by the pattern- 
matching algorithm, the case fit would be 0.86. If 
thecasefit parameter in the system is set to 0.86 
or greater, that disease would be added to the 
differential diagnosis list. If the case fit parameter 
is set to 1.00, only diseases that fit the clinical 
manifestations perfectly would become differen- 
tial diagnosis candidates. Signs and findings are 
not weighted by the system. 

Decision Support System Trial 
on Murine Typhus Cases 

The purpose of this trial was to determine if 
the intervention of the support system at the time 
of thefi rst physician visit would significantly alter 
the mean number of days to the correct diagnosis. 

I nvestigation records of 96 cases of muri netyphus 
occur ri ng i n T exas from 1979 to 1987 wereobtai ned 
from theT exas Department of H ealth. All records 
were complete and were used in the study. Each 
record contained the date of thefi rst contact with a 


physician (dp). The date on which the indirect 
fluorescence anti body test for Rickdttsiatyphi was 
ordered was defined asthedatethecorrect diagno- 
sis was suspected (ds). Therefore, the number of 
days from the first contact with a physician (dp) to 
thecorrect diagnosis without dedsion support system 
intervention (dc^.)was defined as follows: dc^.=cfe-dp. 

The number of days till the correct diagnosis 
was suspected (dc^,) was calculated for all cases with- 
out support system intervention. A case was classi- 
fied as miss^ if dc^. >13 days. This number was 
derived from theworst-casescenariofor a murine 
typhus test turnaround from the Texas Depart- 
ment of Health. During 1979-1987, the department 
had the only laboratory in Texas that used the 
i ndi rect fl uorescence anti body test for confi rmi ng 
murine typhus. On the basis of this criterion, 23 of 
the 96 original cases fell intothe missed category. 

The clinical history, symptoms, physical 
findings, and some preliminary laboratory find- 
ings as noted in the investigation records for the 
23 missed patients were entered in the support 
system and processed at case fit parameter values 
of 0.25, 0.50, 0.75, and 1.00. Specific historical data 
such as occupation, travel, and animal/insect 
exposure, if available, were also entered in the 
support system. The support system was said to 
have suggested the correct diagnosis of murine 
typhus if thedisease was included in a differential 
diagnosis list of five or fewer diseases at a case 
fit parameter of 0.50 or greater. 

T esti ng for muri netyphus was assumed to be 
ordered immediately if the disease was suggested 
by thesupport system. This effectively set the num- 
ber of days to suspect the correct diagnosis with 
intervention (dc^.) to 1 day under these conditions. 

The distributions of dc^. and dc^. were found 
to be Gaussian (PROC UNIVArTaTE, SAS). 
Therefore, parametricstatistical techniques were 
used for data analysis. A paired t-test was run on 

and )j,^. (mean time to suspecting murine 
typhus with and without thesystem, respectively) 
to see if there was a significant difference in the 
means (PROC MEANS, SAS) (14). 

I n 11 (48%) of the 23 cases defined as missed, 
muri netyphus was clearly suggested by thesup- 
port system in a differential list of five or fewer 
possibilities by using only clinical history, signs, 
symptoms, and preliminary laboratory data if 
available I n six (26%) ofthesecases, murine typhus 
was the only disease suggested by the support 
system. The support system did not suggest the 
correct diseasein 12 (52%) of the cases classified 
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as mi ssed. TabI e 2 1 i sts t he most common di seases 
that also appeared in the differential diagnosis 
lists for murine typhus cases. 

T able 2. Other diseases commonly listed in the differential 
diagnosis of murine typhus 

1. Lymeborreliosis 7. Relapsing fever 

2. Tularemia 8. Avian chlamydiosis 

3. Brucellosis 9. Leptospirosis 

4. Zoonoticepidemictyphus 10. Salmonellosis 

5. Rocky Mountain spotted 11. Babesiosis 

fever 12. Malaria 

6. Rat bite fever 13. Q fever 


The mean number of days to suspect the 
correct diagnosis without support system inter- 
vention (p^,) was 11.5 days. The mean number of 
days to suspect the correct diagnosis with support 
system intervention (p^.) was 8.6 days, an 
improvement of 2.9 days (p =0.001). 

Decision Support System Triai 
on Bruceilosis Cases 

I nvestigati on records of 342 cases of brucel I osi s 
occurring in Texas from 1980 to 1989 were also 
obtai ned from theT exas Department of H ealth. Of 
these records, 13 were i ncomplete, and 129 i nvol ved 
cases of recrudescence of the disease or had no 
specifi c date of onset of i 1 1 ness and were excl uded 
from the study. The remaining 200 records con- 
tained the date of onset of illness. However, the 
day of the first physician visit was not available 
and had to be extrapolated from the day of onset 
of i 1 1 ness. The average number of days from onset 
of illness tothe first physician visit was assumed 
to be 4 days, on the basis of a study i n T exas for 
patients with murine typhus (12). 

The day that the correct diagnosis was sus- 
pected was defined as the day on which the serum 
agglutination test or a bacterial culturefor brucel- 
losis was ordered. The number of days from the 
first contact with a physician tothedaythecorrect 
diagnosis was suspected without support system 
intervention (dc.) was calculated as indicated above 

A case was cl assi fi ed as mi ssed i f dc^. >11 days. 
This number was derived from the worst-case 
scenario for a brucellosis test turnaround from 
theTexas Department of Health. By this liberal 
criterion, 98 of the 200 original cases still fell 
i nto the missed category. 

The clinical history, symptoms, physical 
findings, and some preliminary laboratory find- 
ings as noted in the investigation records for the 
98 missed patients were entered in the support 


system and processed at case fit parameter values 
of 0.25, 0.50, 0.75, and 1.00. Specific historical data 
such as occupation, travel, and animal/insect 
exposure, if available, were a I so entered in thesup- 
port system. By defi nition, thesystem gavethecor- 
rect diagnosis of brucellosis if the disease was 
induded in a differential diagnosis list of five or fewer 
diseases at a case fit parameter of 0.50 or greater. 

It was assumed that the testing for brucellosis 
would be ordered immediately if thediseasewas 
suggested by the support system. This effectively 
sets the number of days to suspect the correct 
diagnosis with intervention (dc^.) to 1 day under 
these conditions. The distributions of dc . and 

ni 

dc^. werealsoGaussian and analyzed by paired 
t-tests on and (14). 

I n 86 (88%) of the 98 cases defi ned as missed, 
brucellosis was clearly suggested by the support 
system in a differential list of five or fewer 
possibilities by using only clinical history, signs, 
symptoms, and preliminary laboratory data if 
available. I n 69 (70%) of the cases, brucellosis was 
the only disease suggested. The support system 
did not suggest the correct disease in only 12 
(12%) of the cases classified as missed. Table 3 
lists the most common diseases that also appeared 
in the differential diagnosis of brucellosis. 


Table 3. Other diseases commonly listed in the differential 
diagnosis of brucellosis 

1. Toxoplasmosis 6. Rat bite fever 

2. Qfever 7. Listeriosis 

3. Viral hepatitisA 8. Blastomycosis 

4. Salmonellosis 9. Trichinellosis 

5. Histoplasmosis 10. Lymeborreliosis 


The mean number of days to suspect the cor- 
rect diagnosis without support system interven- 
tion ()x^.) was 17.9 days. The mean number of days 
to suspect the correct diagnosis with support sys- 
tem i ntervention was 4.5 days, an i mprovement of 
12.9 days (p =0.0001). H owever, data were derived 
by usi ng an extrapolated day of fi rst physician visit, 
and that may have affected these comparisons. 

The brucellosis investigation records screened 
showed that of ni ne cases, three i nvolved appar- 
ently healthy pregnancies, one a premature 
delivery,onea miscarriage, oneseizures, oneweak- 
ness and chronic headaches, and two deaths. I n 
eight of the nine cases, the support system 
correctly suggested brucellosis. In addition, 59 
(30%) of the patients with brucellosis were 
hospitalized, some for extended periodsduringthe 
diagnostic phase. 
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Twenty-one of 23 murine typhus patients 
were hospitalized, some for extended periods 
during the diagnostic phase of the case. 
Furthermore, many patients had to undergo 
expensive diagnostic testing, including 19 
electrocardiograms, four computer-aided tomo- 
graphy scans, and a various other procedures such 
as bone scans, liver scans, barium enemas, and 
renal and pelvic sonograms. Earlier diagnoses of 
brucellosis and murine typhus could have 
eliminated the need for many of the diagnostic 
procedures, shortened hospital stays, and 
improved the course of treatment. 

On the average, it took approximately 3 
minutes of interaction with the decision support 
system to construct a differential diagnosis. 
Therefore, this type of screening could easily 
become part of the routine history-taking and 
physical exam of a patient. Furthermore, this 
study underlines thediscri minatory power of the 
clinical history and physical signs and symptoms 
in suspectingthepresenceof a certain disease in 
a patient. Factors such as the patient's occupation, 
travel history, animal/insect exposure, and 
unusual dietary habits can be especially impor- 
tant in helping to diagnose many rare infectious 
and parasitic illnesses. 

Theresultsofthisevaluation indicatethat for 
two rarediseases (brucellosis and murinetyphus), 
the decision support system appears to perform well 
(i.e., with high sensitivity) in suggesting the correct 
diagnosis in a patient. However, the specificity of 
the system has not been evaluated. A prospective 
double- blinded study in a general clinical or 
hospital setting would makethat determination. 

Craig N. Carter,* Norman C.Ronald,tJ amesH. 
Steele,t Ed Young,§J effery P.Taylor,H Leon H. 
Russell, J r.,* A. K. Eugster,*J oeE. West* 

*Texas A&M University, Coiiege Station, 

Texas, USA; fTexas Medicai Informatics, Inc, 

Col I ege Stati on , T exas, U SA; f U n i versi ty of T exas 
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§Veteran Affairs Medical Center, Houston, 
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Emergence of Epidemic O’nyong- 
nyong Fever in Southwestern Uganda, 
After an Absence of 35 Years 

To the Editor: I n J uly 1996, an uncommon disease 
suspected to be O'nyong-nyong fever was recog- 
nized in theRakai district of southwestern Uganda. 

1 1 was reported to have started i n J une 1996. The 
disease spread into the neigh boring M bararaand 
Masaka districts of Uganda and in the bordering 
Bukoba district of northern T anzania. 

The initial symptoms of O'nyong-nyong fever 
are high fever and generalized maculopapular 
skin rash with aippling arthritis, primarily in the 
big joints, in the absence of joint effusion. Other 
features are lymphadenitis, eye pain and 
reddening with no discharge, chest pain, and 
general malaise. The disease is self-limiting. All 
agegroupsand both sexes are equally affected. I n 
areas where the disease is epidemic, 60% to 80% 
of the people are infected, and familial clustering 
is found in affected households. No deaths have 
been reported, but two miscarriages have been 
associated with infection. 

The Ministry of Health (Uganda), in 
collaboration with the Uganda Virus Research 
Institute, began epidemiologic and clinical inves- 
tigations of the epidemic in August 1996. Acute- 
phase serum samples were collected from 
patients, and adult mosquitoes were collected 
from within and around patients' homes. Virus 
isolates were made from acute-phase serum 
samples from several patients by intracranial 
inoculation and passage in baby mice. Attempted 
virus isolations from mosquito specimens are in 
progress. Serum samples and aliquots of the 
virus isolates were sent to the Centers for 
Disease Control and Prevention, Fort Collins, 
Colorado, USA, for reisolation and identification. 
A portion of the capside and NS4 genes of the 
virus isolates was sequenced and identified as 
O'nyong-nyong virus; the virus was isolated and 
sequenced directly from another serum sample. 
Two serum samples were positive for IgM 
antibody to O'nyong-nyong antigen. 

O'nyong-nyong virus was responsible for a 
similar epidemic in 1959 to 1961, which started 
in northern Uganda and spread south and 
eastward into Kenya, Tanzania, and Zambia, and 
then northward fromT anzani a i ntosouthwestern 


Uganda, where it subsided. The disease has 
reemerged in this area after 35 years of absence. 

E.B.Rwaguma,*J J .Lutwama,*S.D.K. 
Sempala,* N.Kiwanuka,f J . Kamugisha,f 
S. Okware,f G. Bagambisa,§ R. Lanciotti,H 
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Uganda; HCentersfor Disease Control and 
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Prostatitis and Benign Prostatic 
Hyperpiasia: Emerging Infectious 
Diseases? 

To the Editor: In their excellent article. 
Molecular Approaches to the Identification of 
Unculturable I nfectious Agents, Gao and Moore 
(1) point out that molecular approaches should be 
unleashed on diseases such as sarcoidosis, Kawa- 
saki disease, and type I diabetes mel I itus, which 
are thought but not proven to be infectious. The 
authors, however, are overlooking the more com- 
mon and most likely infectious diseaseof unknown 
etiology today— prostatitis. 

According to the pathologist McNeal, the 
prostate gland is the most commonly diseased 
internal organ of the human body (2). Prostatitis 
isthemost common prostate disease, resulting in 
more physician visits than either benign pros- 
tatic hyperplasia or prostatecancer, accordingto 
the National I nstitutes of Health (3). Despite its 
frequency, prostatitis as a disease and as a histo- 
logic lesion is understudied (4). 

By the Meares and Stamey culture localization 
procedure, in which thefirst voided urine, a mid- 
stream urine, the expressed prostaticsecretions, 
and afinal voided urinearecompared, morethan 
90% of cases i n pat i en ts w i t h ch r on i c pel vi c sy m p- 
toms are labeled as "non bacterial" prostatitis or 
prostatodynia, both of which are thought to be 
incurablediseases (5). 

The U n i versi ty of Wash i ngton has docu mented 
whiteblood cell counts as high as 38,000 per mm^, 
in "non bacterial" prostatitis patients (6). Accord- 
ing to urologist Thomas Stamey, up to 50% of all 
men experience symptoms of prostatitis during 
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their lifetimes (7). The prostatitis lesion was found 
in 40 (44%) of 91 men at random autopsy (8). In 
another study of 100 consecutive autopsies on 
men who died suddenly in automobile accidents 
and from other causes, the prevalence of 
histologic signs of prostatitis increased with age 
and was highest when benign prostatic 
hyperplasia was also present. Prostatitis was 
present i n 22% of men under 40 years of age and 
i n 60% of those over 40 years of age (9). 

In fact, the line between benign prostatic 
hyperplasia and prostatitis is blurred. Prostatitis 
as a histologic lesion has been found in 98% of 
patients with benign prostatic hypertrophy (10). 
Microbial tests on benign prostatic hyperplasia 
tissue have found significant rates of infectivity. 

I n another study, morethan 70%of transurethral 
resecti on of the prostate speci mens showed cl i n i ca I 
or laboratory signs of infection (11). Benign pros- 
tatic hyperplasia and prostatitis cannot be dis- 
tinguished by symptoms, and some believe that 
they may be the same disease. 

In these days of prostate specific antigen 
testi ng, morethan 50% of men who undergo biop- 
sies for prostate cancer have a prostatitis lesion 
whether they have cancer or not (Gottesman et 
al., unpublished data; McNeal, personal communi- 
cation, 1995). Prostatitis occurs at an early age, 
and prostate cancer decades later, in the same 
part of the prostate gl and, the peri pheral zone. 

Why aren't DN A techniques being unleashed 
on what is apparently the most common and most 
purulent unknown inflammatory disease in 
men— an inflammatory lesion that is associated 
with benign prostatic hyperplasia and prostate 
cancer? Surely, DNA microbial testing has 
important implications for all three major prostate 
diseases— prostatitis, benign prostatic hyper- 
plasia, and prostate cancer. 

Brad Hennenfent 

D i rector, The P rostati ti s F oundati on 
Chicago, I llinois, USA 
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Risk Factors for Severe Leptospirosis 
in the Parish of St. Andrew, Barbados 

To the Editor: Leptospirosis, an important 
zoonosis in most warm-climate areas, is endemic 
in most Caribbean countries (1). Thediseasewas 
first reported in Barbados 60 years ago (2), and 
since 1979 has been thesubject of continual study 
as the result of the establishment of the Lepto- 
spira Laboratory by thegovernments of Barbados 
and the United Kingdom. Theannual incidenceof 
severe leptospirosis in Barbados over the past 17 
years has been approximately 11.5 cases per 
100,000 population with a death rate of 13%. 
H owever, the incidenceratevaries in the parishes 
of Barbados. For the 12-year period from 1979 to 
1991, the lowest incidence rates werein St. Peter 
(9.5casesper 100,000 population) and St. Michael 
(9. 9 cases per 100, 000 popu lation),whilethehigh- 
est was in St. Andrew (40 cases per 100,000 
population). This greater than fourfold difference 
in incidence rates has been attributed to dif- 
ferences in rainfall (3). We performed a retro- 
spective case-control study to determine what 
other factors were important. 
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We identified cases of leptospirosis from the 
records of the Leptospira Laboratory and included 
them in the study if they occurred fromj anuary 
1980 to December 1993, if the home address was 
intheParish of St. Andrew, and if laboratory evi- 
dence of leptospirosis was confirmed by one or 
moreof thefollowing: an IgM ELISA titer >160 in 
a single sample, a titer in the microscopic agglu- 
tination test (MAT) of >800 in a single sample, a 
fourfold or greater rise in antibody titer between 
two samples tested by the same method, or isola- 
tion of I eptospi res from bloodor urinecultures(3). 

Of the 36 cases of laboratory-confirmed 
leptospirosis and 41 controls (selected for resi- 
dence close to the case-patient), 22 patients and 
38 controls were included in the study. For case- 
patients, the mean age at onset of symptoms was 
30.8 years (range 8 to 73 years); 28 (78%) of 36 
cases occurred in males.Themean age of controls 
was 31.3 years (range 13 to 78 years); 15 (39.5%)of 
38 controls were male. Controls were matched for 
age, but becauseSt. Andrew Isa sparsely popul ated 
parish, and because the survey was conducted 
during theday, it was difficult to recruit sufficient 
mal econtrol s. The parti ci pants were admi ni stered 
a questionnaire, and blood samples were taken 
and tested for leptospiral antibodies. Serologic 
results were compared with the results obtained 
for each of the patients during their acute illness 
and with the results of previous follow-up studies 
conducted over several years. 

Gardening was a significant risk factor (odds 
ratio [OR] 4.57, 95% confidence level [CL] 1.09- 
20.36) and appeared to remain so whether gloves 
were worn or not, as was the presence of dogs 
around the home (OR 7.82, 95% CL 1.79-46.55). 
With few exceptions, the respondents kept dogs, 
andtheseanimalsarean important risk factor for 
leptospi rosis i n Barbados (6). A posit! veassoci ation 
was observed between illness and wearing boots 
inthegardenoryard (OR8.5,95%CL 1.93-42.55), 
but this may be because case patients had changed 
their behavior si nee recovery, because they were 
working in wetter areas than the controls, or 
because the male(female ratio was lower among 
controls. Wewereunabletodefinetheodds ratios 
for wal ki ng barefoot some or al I of theti me because 
none of the controls admitted to going barefoot. 
The most important risk factor we identified was 
walking through ponds or stagnant water (OR 
25.62, 95%CL 2.89-1151.84). Flooding is common 


during the rainy season in Barbados, and people 
living in rural areas such as St. Andrew are often 
exposed i n this way. These risk factors bear a stri k- 
i ng resembi anceto those identified i n theoutbreak 
in Nicaragua a few months after our study (7). 

We conclude that almost all of the patients 
had multiplerisk factors for leptospiral infection. 
F ew i ndicated a change! n I ifestylesi nee recover! ng 
from leptospirosis. Serologic evidence of recent re- 
exposure to leptospirosis was detected in two 
(17%) of 12 case-patients. 

The relatively high rainfall in St. Andrew 
may havecontributed totheir risk for leptospirosis 
by en hand ng the survival of leptospi res I n thesoi I 
and water. The incidence of leptospirosis in St. 
Andrew shows a close association with mean 
monthly rainfall, the highest I ncidenceduring the 
period studied being October and November. How- 
ever, when individual cases wereexamined, a less 
strong correlation was observed between onset of 
symptoms and rainfall in the preceding month 
and with rainfall in the preceding 3-month period. 
N 0 evi dence was observed of cl uster I ng of cases i n 
months or years with rainfall above the mean. 
S i mi I ar fi ndi ngs have been reported for the i si and 
as a whole (4,5). The incidence of leptospirosis 
appeared to lag behind the rainfall, since rainfall 
tended to increasefrom J uneto a peak in Novem- 
ber, while leptospirosis incidence increased from 
August to N ovember. There was a marked decrease 
in rainfall in December each year, with thedry sea- 
son continuing until May. However, continuing low 
incidence of leptospirosis was seen throughout the 
less wet months, until during the months of May to 
] uly only onecaseoccurred duri ngthestudy period. 

On the basis of these fi ndi ngs, weconci udethat 
the ground remains sufficiently damp during the 
period from December through theearly months of 
the year for leptospi res to survive. As the middle 
months of the year are reached, the ground may 
become too dry for leptospires to survive. This 
wou I d al so accou ntfortheapparentlag between the 
onset of the rainy season and the rise in lepto- 
spirosis incidence, as the ground may take some 
weeks of consistent rainfall to become saturated. 

Nod uster! ng of cases I n ti me was observed, 
which confirms that leptospirosis in Barbados is 
endemi c and that I ncr eases i n I ncidence result from 
multiple sporadic cases rather than microepi- 
demics (5). Cases were clustered geographically, 
but this may have been an artifact resulting from 
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variation in population density. Moreover, the 
place of residence is not necessarily the place of 
exposu re to I eptospi rosi s. 

We emphasize the importance of public 
education regarding therelativerisks, asa means 
of preventing exposure, and of continuing educa- 
tion of physicians and primary health-careworkers 
to raise their awareness of the seasonal distri- 
bution and early symptoms of leptospirosis. 
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Electronic Communication and the 
Rapid Dissemination of Public Health 
Information 

To the Editor: I n theU nited States, communicable 
disease surveillance, investigation, and control 
aretheresponsibilityofthestates. TheCentersfor 
Disease Control and Prevention (CDC) provides 
epi demi ol ogi c and I aboratory su pport to the state 


and territorial epidemiologists (state epidemio- 
logists) and state public health laboratory directors 
(state laboratory directors), who are located in 
each of the 50 states, Washington, D.C., the 
Virgin Islands, the Federated States of Miaonesia, 
American Samoa, the Marianas Islands, and 
PuertoRico. Historically, communication between 
CDC and these state representatives has been 
conducted by telephone, facsimile, or letter, and 
more recently by the WONDER (1) electronic 
mai I (e-mai I ) system. Weexami ned theti mel i ness 
and coverageof the WONDER system when used 
to contact state epidemiologists and laboratory 
di rectors during two recent foodborneoutbreaks. 

The first outbreak was reported to CDC on 
February 10, 1995, by the Communicable Disease 
Surveillance Centre (CDSC) in the United 
Kingdom. CDSC had linked an outbreak of sal- 
monel I osis i n the U nited K i ngdom to a snack food 
distributedtomanycountriesincludingtheU nited 
States (2). CDC decided to notify all state epide- 
miologists about the outbreak immediately so 
that they could takeappropri ateaction to protect 
consumers and report suspected cases. This e- 
mail message was ready to be accessed by all 
state epidemiologists from 4:27 p.m. Eastern Stan- 
dard Time (E.S.T.) on Friday, February 10, 1995. 

The second outbreak involved Salmonella 
serotype Stan I ey i nfecti ons associ ated wi th the con- 
sumption of alfalfa sprouts. I n the United States, 
the outbreak was recognized when a larger than 
expected number of isol ates of Sal monel I a StanI ey 
for the first week of J une 1995 was reported (3). 
CDC notified stateepi demiol ogi stsand laboratory 
directors about the outbreak and requested that 
cases of Sal monel I a Stanley i nfecti on be reported 
and Salmonella Stanley isolates be sent toCDC. 
This e-mail message was ready to access from 
9:41 a.m. E .S.T. on F riday, J une 9, 1995. 

These two e-mail messages were sent to two 
group codes maintained by the Council for State 
and Territorial Epidemiologists and theAssociation 
of StateandTerritorial PublicHealth Laboratory 
Directors on theCDC WONDER e-mai I system. The 
subject heading for these messages indicated that 
they were urgent and from CDC. The messages 
were aval I abl e for 22 days from the day of post! ng, 
at wh i ch t i me u n accessed messages were a utomat i - 
cally returned to sender. Each message was sent 
with an automatic receipt acknowledgment function. 
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Becausemany of the territories are not regu- 
iariy connected to WON DE R, oniy the 50 states, 
the District of Coiumbia, and Puerto Rico were 
i nd uded i n thestudy. Theti meto recei pt was cai - 
cuiated on the basis of working days (Monday 
through F riday) oniy. E-maiis accessed during a 
weekend were attri buted to thefoi i owi ng M onday. 

i n February, 48 of 50 states were on the state 
epidemioiogists WONDER e-maii distribution iist; 
47 states, Puerto Rico, and the District of Coium- 
bia accessed the e-maii message within 22 days; 
one state did not access it within that period; 8 
(16%) accessed the message the day it was sent; 
28 (57%) accessed it within Iworking day— three of 
these accessed the message duringthe weekend; 
and 43 (88%) of 49 recipients accessed the mes- 
sagewithin Iweek. Whiienoadditionai cases were 
reported, e-maii communication may havehastened 
product recaii, thereby preventing further cases. 

i nj une, 49 states wereon thestateepidemio- 
iogists WONDER e-maii distribution iist; 48 states 
and Puerto Rico accessed the e-maii message 
within 22 days; two did not access the message 
within that period; 25 (51%) accessed the mes- 
sage the day it was sent; and 40 (82%) accessed 
the message by the second working day— two of 
these accessed the message on a weekend. 

Thirty-eight states and Washington, D.C., 
were on the state i aboratory di rectors WON DE R 
distri bution i ist i n J une; 25 (M%) accessed themes- 
sagetheday it was sent, and 32 (84%) of 38 acces- 
sed the message by the second worki ng day— one 
of these accessed the message on a weekend. Ai i 38 
states and Washington D.C. accessed the e-maii 
message within the systems' 22-day iimit. The 
pattern for state i aboratory directors was aimost 
identicai to that for state epidemioiogists. 

Within 3 weeks of transmission of the J une 
message(byj une 30, 1995), stateheaith department 
iaboratories had forwarded 55 Saimondia Staniey 
isoiatestoCDC: 44 (80%)oftheseweretheoutbreak 
strain. These reports contributed to a traceback 
that impiicated a singieaifaifa seed distributor. 

The use of e-maii to communicate heaith 
reiated messages to epidemioiogists and i abora- 
tory directors was timeiy and highiysuccessfui in 
these incidents. Bythesecond worki ngday, more 
than haif of the intended recipients had accessed 
the February message, and more than 80% had 
accessed the] une message. However, not aii state 
epidemioiogists and iaboratory directors access 


WONDER e-maii daiiy, and so other means of 
communication wouid be necessary if contact 
were required within Iworking day. 

Because epidemioiogists and iaboratory direc- 
tors havetodiai into the WONDER mainframe by 
modem to fi nd out if they have new messages and 
to receive them, retrieving WONDER e-maii 
messages can be iess than timeiy; there is no 
mechanism to aiert users to i ncomi ng WON DE R 
e-maii messages. This deiay is iikeiy to beover- 
come as moreepi demi oi ogi sts and i aboratory d i rec- 
tors become connected to the internet byiocai area 
networks that automaticaiiy check for incoming 
messages severai times per hour. Some epi- 
demioiogists and iaboratory directors have been 
siower to access their WONDER e-maii address 
because they aiso had an i nternet address and 
thus access^ the WONDER system iess often. 

Perhaps more than one person in each state 
office shouid be on the distribution iist to ensure 
message deii very when one representative is absent. 
We confirmed oniy that the message had been 
accessed by someone using the state epidemio- 
iogists' password; however, itispossibiethat some- 
one ot her th a n the state epi demi oi ogi sts accessed 
the message on their behaif adding to thedei ays. 

Eiectronic communication by pubiic heaith 
groups (e.g., Epi-net iinks pubiicheaith agencies 
in the United Kingdom, Saim-net iinks agencies 
i nvoi ved i n foodbornediseasesurvei i i anceand con- 
troi in Europe) is rapidiy increasing (4). However, 
thereisaneedfor agiobai network that aiiows pub- 
iic heaith agencies of every country to rapidiy com- 
municatereai or potentiai emergent disease threats. 

Craig B. Dalton, Patricia M. Griffin, 
and Laurence SI utsker 

Centers for Disease Control and Prevention, 
Atlanta, Georgia, USA 
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News and Notes 


Emerging Infectious Diseases 
Conference 

'TheH ot Zone— 1997: Conferenceon E mergi ng 
Diseases" will beheld in Lexington, Kentucky, at 
the Hyatt Regency on J une27and28, 1997. The 
conference is hosted by the University of Ken- 
tucky and the University of Cincinnati. Topics 
i ncl ude human i mmunodeficiency vi rus i nfecti on, 
vector-borne diseases, viral diseases, tick-borne 
diseases, prion diseases, and antibioticresi stance. 
Continuing medical education credit hours (10.5) 
will be offered. For complete information contact 
Continuing Medical Education, University of 
Kentucky, L 007 Kentucky Clinic, Lexington, KY 
40536-0284 or e-mail sbsize00(gpop. uky.edu. 

“Emergent Illness and Public 
Scholarship” Feiiowships 

Emory University's Center for the Study of 
Public Scholarship announces four semester-long 
fellowships for its program on Emergent Illness 
and PubI ic Schol arshi p to be held duri ng the 1997- 
1998 academicyear. Emergent I llness and Public 
Scholarship is the first of a 3-year series of pro- 
grams funded by the Rockefeller Foundation and 
organized by theCenter for PublicScholarship.The 
center is directed by Dr. Ivan Karp and is housed in 
the I nstitutefor L i beral Arts. E mergent 1 1 1 nesses and 
P u bl i c Schol arsh i p i s bei ng coorgan i zed by E mory's 
Center for theStudy of Health, Culture, and Sodety, 
which is directed by Dr. Randall M. Packard. 

E mergent i 1 1 nesses, fromLegionnaires'di sease 
to AIDS, not only challenge the scientific and 
medical communities to find new explanations 
and treatments, but prompt patients and their 
caretakers andfamiliesto challengetheauthority 
and expertise of biomedical specialists. I n various 
setti ngs global ly, theformal schol arshi p of health 
scientists coexists with, and is frequently chal- 
lenged by, that of lay persons searching for know- 
ledgeand explanations of their own illnesses. 

Emergent I llness and PublicScholarship will 
address the politics of knowledge as well as the 
mech a n i cs by w h i ch i nf or mat i on t r a vel s between 
professionals and lay communities that simul- 
taneously produce and consume knowledge. I ssues 
of education, technology, audiences, and the 
ownership of knowledge will stand alongside 
moretraditionally focused biomedical and epide- 
miologic concerns as foci of the workshop. 


Fellows in the program will spend part of the 
semester talking across disciplinary and institu- 
tional boundaries about emerging illness; help 
determine the agenda of the workshop series; 
plan oneof its sessions; and interact on a limited 
basis with E mory graduate students. 

E speci al ly welcome to the program are appi i - 
cants working on health issues outside academia, 
as the workshop's goal is to transcend the boun- 
daries that often mute discussions between 
producers of knowledge with differi ng credenti als. 

For more information, contact: Michael 
McGovern, Center for the Study of Public 
Scholarship, S-412 Callaway Building, Emory 
U niversity, Atlanta, GA 30322. 

International Workshop on 
Molecular Epidemiology and 
Evolutionary Genetics 

The2ndl nternational Workshop on Molecular 
Epidemiology and E volutionary Genetics of Patho- 
genic M icroorganisms, will be held at ORSTOM , 
Montpellier, France, May 26-28, 1997. The work- 
shop is organized under the auspices of ORSTOM 
(French agency for scientific research in deve- 
lopingcountries), CNRS (French agency for basic 
research) and the Centers for Disease Control and 
Prevention, Atlanta, Georgia, USA.Thegoal of the 
workshop is the integration of laboratory science 
and epidemiology, in usinggeneticinformationto 
study evolution, emergence, reemergence, and dis- 
persal of microorganisms. The objectives of the 
workshop areto 1) integrate molecular biologicand 
evolutionary genetics approaches in areas of diag- 
nosis, strain typing, species identification, patho- 
genesis, antigenic variation, drug and vaccine 
resistance, and host and vector sped fi city; 2) foster 
interaction between scientists working on para- 
sites, yeasts and fungi, bacteria, and viruses; and 
3) provide health care providers, public health 
professionals, and laboratory scientistsan oppor- 
tunity to discuss thejoint useof genetic tools and 
methods needed to meet the challenges of diag- 
nosis and management of emerging, reemerging, 
and endemic infectious diseases. 

The deadline for submitting abstracts to Dr. 
M ichel Ti bayrencby fax (33-467547800) or e-mai I 
(tibayrencgorstom. rio.net) isMarch 15, 1997. For 
more information about the workshop, please 
contact Dr. Michel Tibayrenc or Dr. Altaf Lai 
(aal l@cdc.gov). 


Emerging Infectious Diseases 


82 


Vol. 3, No. 1 — January-March 1997 



Editorial Policy and Call for Articles 

Emerging Infectious Diseases [EID] is a peer-reviewed journal established expressly to promote the recognition of 
emerging and reemerging infectious diseases and improve the understanding of factors involved in disease emergence, 
prevention, and elimination. 

Emerging infections are new or newly identified pathogens or syndromes that have heen recognized in the past two 
decades. Reemerging infections are known pathogens or syndromes that are increasing in incidence, expanding into new 
geographic areas, affecting new populations, or threatening to increase in the near future. 

EID has an international scope and is intended for professionals in infectious diseases and related sciences. We welcome 
contrihutions from infectious disease specialists in academia, industry, clinical practice, and public health, as well as from 
specialists in economics, demography, sociology, and other disciplines. Inquiries about the suitability of proposed articles 
may be directed to the editor at 404-639-3967 (telephone), 404-639-3039 (fax), or eideditor@cdc.gov (e-mail). 

EID is published in English and features three types of articles: Perspectives, Synopses, and Dispatches. The purpose 
and requirements of each type of article are described in detail below. A Spanish version of Vol. 1, No. 1-Vol 2, No. 1 is 
available electronically from the National University of La Plata, Faculty of Veterinary Science, Argentina (ftp:// 
Ivc. medvet. unlp . edu. ar / pub/ElD) . 


Instructions to Authors 

Manuscripts should be prepared according to the 
“Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals” {JAMA 1993:269[17]:2282-6). 

Begin each of the following sections on a new page and 
in this order: title page, abstract, text, acknowledgments, 
references, each table, figure legends, and figures. On the 
title page, give complete information about each author (full 
names and highest degree). Give current mailing address 
for correspondence (include fax number and e-mail 
address). Follow Uniform Requirements style for 
references. Consult List of Journals Indexed in Index 
Medicos for accepted journal abbreviations. Tables and 
figures should be numbered separately (each beginning 
with 1) in the order of mention in the text. Double-space 
everything, including the title page, abstract, references, 
tables, and figure legends. Italicize scientific names of 
organisms from species names all the way up, except for 
vernacular names (viruses that have not really been 
speciated, such as coxsackievirus and hepatitis B: bacterial 
organisms, such as pseudomonads, salmonellae, and 
brucellae) . 

All articles are reviewed by independent reviewers. The 
Editor reserves the right to edit articles for clarity and to 
modify the format to fit the publication style of Emerging 
Infectious Diseases. 

Documents sent in hardcopy should also be sent on 
diskette, or by e-mail. Acceptable electronic formats for text 
are ASCII, WordPerfect, AmiPro, DisplayWrite, MSWord, 
MultiMate, Office Writer, WordStar, or Xywrite. Send 
graphics documents in Corel Draw, Harvard Graphics, 
Freelance, or save as .TIE (TIFF), .GIF (CompuServe), .WMF 
(Windows Metafile), .EPS (Encapsulated Postscript), or 
.CGM (Computer Graphics Metafile). The preferred font for 
graphics files is Helvetica. If possible, convert Macintosh 
files into one of the suggested formats. Submit photographs 
as glossy, camera-ready photographic prints. 

Send all manuscripts and correspondence to the 
Editor, Emerging Infectious Diseases, National Center for 
Infectious Diseases, Centers for Disease Control and 
Prevention, 1600 Clifton Road, Mailstop C-12, Atlanta, 
GA 30333, USA, or by e-mail to eideditor@cdc.gov. 


Perspectives: Contributions to the Perspectives section 
should provide insightful analysis and commentary about 
new and reemerging infectious diseases or related issues. 
Perspectives may also address factors known to influence 
the emergence of infectious diseases, including microbial 
adaption and change: human demographics and behavior: 
technology and industry; economic development and land 
use; international travel and commerce; and the breakdown 
of public health measures. Articles should be approxi- 
mately 3,500 words and should include references, not to 
exceed 40. Use of additional subheadings in the main body 
of the text is recommended. If detailed methods are 
included, a separate section on experimental procedures 
should immediately follow the body of the text. Photographs 
and illustrations are encouraged. Provide a short abstract 
(150 words) and a brief biographical sketch. 

Synopses: Submit concise reviews of infectious diseases or 
closely related topics. Preference will be given to reviews of 
emerging and reemerging infectious diseases; however, 
timely updates of other diseases or topics are also welcome. 
Synopses should be approximately 3,500 words and should 
include references, not to exceed 40. Use of subheadings in 
the main body of the text is recommended. If detailed 
methods are included, a separate section on experimental 
procedures should immediately follow the body of the text. 
Photographs and illustrations are encouraged. Provide a 
short abstract (150 words) and a brief biographical sketch. 

Dispatches: Provide brief updates on trends in infectious 
diseases or infectious disease research. Include descrip- 
tions of new methods for detecting, characterizing, or 
subtyping emerging or reemerging pathogens. Develop- 
ments in antimicrobial drugs, vaccines, or infectious 
disease prevention or elimination programs are appropri- 
ate. Case reports are also welcome. Dispatches (1,000 to 
1,500 words of text) should not be divided into sections. 
Provide a short abstract (50 words); references, not to 
exceed 10; and figures or illustrations, not to exceed two. To 
expedite publication of information of a more urgent nature, 
we post the journal’s dispatches on the Internet as soon as 
they are cleared and edited. As soon as the full issue is 
completed, these dispatches become part of the issue. 



